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all three installations to completion within ele 
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The Fast Reactor Experiment 


LTHOUGH the fast reactor is not due for com- 

missioning trials until next year many of the details 
of construction and design have now been released. The 
plant includes some of the most complex stainless steel 
fabrication ever undertaken and the containment sphere 
is the largest pressure vessel in Europe. When the fast 
reactor project was first conceived the nuclear pro- 
gramme was still in a state of flux, and the virtues of 
the gas-cooled power pile still somewhat of an unknown 
factor. Furthermore, at that time the real price of 
uranium was still very uncertain and supplies were 
likely to be limited. It seemed impolitic therefore to 
concentrate entirely on a system which could use at 
best only a few per cent of the total weight of imported 
fuel when the fast reactor with its breeding or con- 
version factor greater than unity offered a possibility 
of using most of the fuel. From a military point of 
view the relative independence of outside supplies that 
a converter or breeder reactor with a positive gain 
factor gives is of real significance, but in peace time the 
value of this factor is significant only if the overall 
economies indicate that the system will produce 
electricity at a cost lower than other systems. 

The economics of a fast breeder power station are 
still unknown and the Dounreay project is essentially a 
reactor experiment to provide data for making these 
economic calculations and for providing experience for 
power station design. Whether the fast reactor is the 
most economic method of burning highly enriched 
materials is yet to be determined and, before these 
figures can be arrived at, a practical experiment is 
necessary. At the same time data is required on the 
real costs of running other systems, and the question of 
optimum fuel cycling is probably the most critical in 
nuclear power circles today. 

Computation is by no means straightforward. Even 
leaving aside the potentialities of reactor systems such 
as the HAR, the pressurized water reactor, the liquid 
metal fuelled reactor and thinking in terms of large 
stations only, the number of possible fuel cycles is still 
large. For example, plutonium produced in a Calder 
type of station can be extracted and used for enriching 
depleted uranium or it may be used relatively pure for 
the initial charge of a fast reactor. Plutonium or U235 


produced in a diffusion plant, it has been stated, can 
possibly be used for initial fuelling of an enriched 
thermal reactor with subsequent refuelling by natural 
uranium. Plutonium or U233 produced in a converter 
or breeder reactor can be used for fuelling other fast 
reactors (or maintaining the reactor) or passed back to 
a gas-cooled reactor to make up depleted uranium. It 
may even be desirable to utilize the diffusion plant 
solely for initial enrichment of a thermal reactor, and 
following a very long burn-up scrap the spent fuel 
elements entirely. Burn-up will in any case figure largely 
in the calculations as will fuel processing costs, and a 
short fuel element life implies not only high processing 
cost but high investment cost. Conversion factor, whilst 
important, is by no means the whole story. 

Experience already gained on the design of the 
fast reactor has shown that the engineering problems 
involved are in the main difficult to solve elegantly. The 
generation of very large amounts of power in a small 
space and the subsequent efficient utilization of this 
power require essentially new techniques. Heat transfer 
theory and practice with disturbances in the flow at 
these levels is still only imperfectly understood, similarly 
thermal distortion and thermal instability and much 
development work remains before a safe and efficient 
and at the same time economic system can be evolved. 

The fast reactor experiment whilst scheduled to begin 
on April 1, 1957, must proceed slowly, and it will be 
some months before full power will be generated. This 
is necessary as some of the essential physics data of the 
process particularly with reference to the temperature 
coefficient of reactivity are still not known with a com- 
fortable accuracy. The tempo of the programme will 
be conditioned by the rate at which the unknowns both 
in data and techniques can be evaluated and by the 
rightly conservative approach to safety. As a result 
progress could be somewhat slower than one might hope. 

The experiment is a courageous one nevertheless and 
providing it is borne in mind that this is an experiment 
with its inevitable frustrations, there is every reason to 
believe that the resultant greater understanding of the 
use of highly enriched fuel and the techniques associated 
with liquid metal coolants will bring its dividends in 
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the future even if not immediately in terms of a fast 
reactor power station. On a longer term basis whilst 
the ultimate form may differ markedly from the 


Burning 


N the limit the cost of fission-generated electricity will 

depend upon fuel efficiency. At the present time, fuel 
means uranium and, so far, practically the whole of 
development in the atomic energy field has been devoted 
to the establishing of techniques for the burning of the 
fissile portion of uranium, U23s. Efficient utilization of 
uranium, however, implies the burning of U238 as well. 
To a certain extent, even in thermal reactors a proportion 
of the U23s is burnt directly as a result of fast fissions. 
In the Calder Hall type, for example, the fast fission factor 
is 1.03 (approx.) implying that 3% of the fissions take 
place in the heavier isotope. In a fast system this pro- 
portion of fast fissions will be much greater, and indications 
for the Dounreay reactor are that some 20% of the power 
generated will be by fast fission of U23s of which some- 
thing like four-fifths will come from the core volume, and 
the rest from the surrounding blanket. 

These figures, whilst significant, still represent a relatively 
inefficient utilization of U238s and a method must be found 
for burning the plutonium which is converted by the 
majority of spare neutrons. Even in a thermal reactor 
optimized for power a conversion factor of 0.85 has been 
quoted (Bradwell) whilst in a fast convertor reactor, the 
conversion gain can exceed one, and more fissile plutonium 
can be produced than fissile material is burnt. 

The plutonium produced is, of course, immediately 
available for burning and some is, in fact, consumed; but 
the fraction of the total amount produced before the 
elements must be removed for reprocessing (due to radia- 
tion damage and fission product build-up) that is utilized 
in this way, is small. 

At present’ no large experimental reactor exists which 
uses plutonium as a fuel and doubts have been expressed 
on the possibility of burning plutonium efficiently, 
especially in a thermal reactor. In this country, non- 
availability has been partly responsible for its lack of 
utilization, and it is possible that in the U.S. the large 
stocks of plutonium that must now exist, have been 
reserved almost entirely for military purposes. The 
practical problems, however, involved in the burning of 
plutonium are very real. 

Plutonium is an alpha-active, toxic material which 
requires that all handling operations should be conducted 
in sealed boxes with very careful control of ventilation 
and at the same time careful criticality control. (The last 
problem of course applies equally to U23s.) Once a 
process has developed to the plant stage this drawback is 
less serious and automatic systems can cater for the alpha 
and poison conditions. Some elaboration in design is 
however necessary and the alpha hazard limits the flexi- 
bility of conventional techniques. Development and 
laboratory work is even more seriously impeded and the 
length of time required to produce results from a given 
series of experiments can be very materially increased. 

Plutonium passes through a large number of phase 
changes as the temperature is increased and whereas with 
uranium the significant phase change occurs at 650° C, 
phase changes in plutonium occur at much lower tempera- 
tures. The design of fuel elements, therefore, for even 
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Dounreay experiment there is almost certainly a place 
for the fast breeder/convertor reactor in an integrated 
power programme. 


Plutonium 


modestly rated reactors, whether thermal, intermediate, 
or fast, is beset with formidable difficulties. The geometric 
changes that occur are likely to be exaggerated by thermal 
cycling and by irradiation, and no really satisfactory 
answer to the problems involved has yet been devised (so 
far as one can ascertain). Ina fast system the metallurgical 
considerations are the most objectionable, but in a thermal 
system the nuclear physics properties are even more 
embarrassing. 

Whereas with U235 the fission cross-section is at a 
maximum at very low energies following the v™ law (i.e., 
cross section is inversely proportional to neutron velocity) 
the plutonium fission cross-section has a resonance peak 
and reaches a maximum at a neutron energy greater than 
that corresponding to room temperature. The exact 
position of this peak is probably not precisely known but 
at the significant operational temperatures of most thermal 
systems, such as the Calder type or the HAR, the cross- 
section is still rising. 

Reactivity is a function of both moderator temperature 
and fuel temperature and changes in these two parameters 
can have different effects. The response of a system, there- 
fore, to transient conditions will not be the same as for 
equilibrium conditions, because of the markedly different 
thermal capacities. Neutron energy is largely determined 
by the temperature of the moderator and, with significant 
quantities of plutonium in the fuel, increases in moderator 
temperature can Cause increases in reactivity, i.e., when the 
positive temperature coefficient associated with plutonium 
overrides the negative temperature coefficient associated 
with U23s. On the other hand, changes in fuel tempera- 
ture are reflected in a number of reactor parameters, and 
the net result on total neutron balance is that increases 
in fuel temperature usually cause a decrease in reactivity. 

A reactor in which the moderator effect is predominant, 
giving a small positive temperature coefficient under 
equilibrium conditions, can still have a negative tempera- 
ture coefficient under transient conditions, as the fuel will 
heat up far more rapidly than the moderator. 

Obviously the exact value of the effects in any system is 
of considerable importance in evaluating the overall safety, 
and a slight positive temperature coefficient under equili- 
brium conditions does not necessarily imply that a reactor 
is dangerous to operate. The position of the demarcation 
line between what can be considered safe and what must 
be regarded as unsafe will be largely a matter of opinion 
and the necessary conservative approach will require 
considerable operational experience under negative or less 
favourably zero equilibrium conditions before real safe 
working limits can be established. 

One body of opinion is confident that thermal systems 
can be built to operate safely with plutonium as fuel, but 
there are some who fear that the thermal reactor must 
always be fuelled mainly by U235. Evaluation of the 
significant data relating to these questions is of prime 
importance to the overall programme—for base load 
stations, small stations and propulsion units—and the 
ultimate cost of power will significantly depend upon the 
answers. 
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Commentary 


Ship Propulsion 

Some insight into present day thinking on the part of 
the A.E.A. of reactors for ship propulsion was given by 
Sir Christopher Hinton at a Press conference to mark the 
open days at the Dounreay works. Sir Christopher 
explained that the problems of building a reactor for ships 
were concerned with reducing the weight and cost to an 
acceptable level, and it was now concluded that the gas 
cooled reactor was amenable to such treatment for ships 
down to a minimum weight of 15,000 tons. As expected, 
the first application will be for a very large tanker with 
its short turn round time. One could infer that active 
consideration was being given to such a project and it 
would seem logical that the Industrial Group with its 
very considerable experience of Calder type reactors should 
undertake the initial design study. For smaller ships also 
apparently gas cooling is likely to find favour in terms 
of a very high temperature gas cooled reactor which is 
under investigation at Harwell or possibly a gas cooled, 
heavy water moderated reactor. Sir Christopher stated 
that decisions would be taken in the second half of this 
year, and design of an experimental reactor would then 
presumably begin straight away. The positive attitude of 
the U.K.A.E.A. towards nuclear ship propulsion is to be 
welcomed as the export potentialities in this field are 
probably greater than in any other field of nuclear 
engineering. 


U.S.A.E.C. Propose Building a Stellarator 


The statement by the chairman of the U.S.A.E.C. that 
plans have been advanced for the construction of a 
“ stellarator,” a comprehensive research tool for the 
investigation of thermo-nuclear reactions, has given further 
insight into the state of the technology. Admiral Strauss 
is quoted as saying that this is the biggest step to date in 
harnessing the sun’s energy for power. If Congress 
approves the appropriation of money the machine will be 
constructed at the Forrestal Research Centre in Princeton 
in New Jersey and should be in operation by the end of 
1960 or early 1961. The name of the machine is perhaps 
unfortunate (compounded from stellar and generator) as 
some confusion already exists between solar energy, i.e., 
energy generated by the sun falling upon the earth, and 
fusion energy or thermo-nuclear energy, terms describing 
the means of energy generation in stellar bodies. It will 
be a comfort to those who have questioned whether the 
U.K. was expending sufficient effort on the fusion project 
to hear that Admiral Strauss when asked to comment on 
the relative positions of the U.K. and U.S.A. implied that 
as far as he was able to ascertain the two countries were 
on a par. One would infer from the magnitude of the 
Princeton project and the time required for installation 
that a zero energy system is at least 7 or 8 years off. 

It is clear also that in the light of present knowledge 
installations which utilize thermonuclear reactions will be 
very large and the inference can be drawn that capital 
expenditure on such plant even after intensive develop- 
ment will still be large. It appears to be generally accepted 
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that the first installations are likely to combine the fission 
and fusion processes so that excess neutrons from the first 
system can assist in maintaining reaction in the second, all 
of which confirms that the fission reaction will be of prime 
importance for many years to come. 


Company Coalitions 

The trend of co-operative investment in the nuclear field 
is continuing. It would appear that the tie up between 
Brush Electric, Hawker Siddeley and John Brown will be 
completed and the concerted efforts of this group will be 
directed towards developments in the nuclear engineering 
field. We assume that interest in aircraft propulsion will 
still be retained, but this will be extended to include all 
aspects of transportable and “small” power plants with 
a considerable leaning towards ship propulsion. It is 
unlikely at this juncture that the group will enter the base 
load reactor field, but the possibility of this occurring later 
cannot be excluded. In the same way the smaller 
companies particularly in the instrumentation field are 
being absorbed by the larger groups and the number of 
independent concerns decreases from year to year. From 
some points of view this is to be welcomed and although 
one might regret the limitations that this imposes on the 
versatility of such companies, on the whole the capital 
investment that is made available should lead to an 
increasing ability to undertake the large-scale development 
necessary to produce really first-class equipment. 


Parity Law Invalid 


Once again an accepted principle of physics has been 
shown to be invalid. Experiments performed at Columbia 
University have proved that the law of conservatism of 
parity does not apply to weak interactions. The implica- 
tion of this is that there is a certain absolute distinction in 
nature between “right” and “left.” In the critical 
experiment cobalt atoms were maintained at a very low 
temperature to minimize thermal agitation and their spins 
then aligned. Beta rays were found to be preferentially 
radiated along one axis. The significance of this discovery 
in every-day terms is difficult to assess but in the world 
of nuclear physics, particularly in the study of inter-nucleon 
forces, the fallacy of past theories now exposed opens up a 
completely new field of theoretical research. 


Nuclear Engineering Scholarship 


Applicants for the Nuclear Engineering Scholarship, 
who must be of British birth and normally resident in the 
U.K., who wish to pursue studies on a post-graduate level 
directed towards some aspect of nuclear engineering and 
to pursue an approved programme of research in nuclear 
engineering are reminded that applications must be com- 
pleted and returned by June 30. The value of the 
Scholarship is £400 (maximum) and application forms can 
be obtained by writing to the Editor, Nuclear Engineering, 
Temple Press Ltd., Bowling Green Lane, London, E.C.1. 
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European Competition 


Visitors to the Hanover Fair could not fail to be 
impressed by the steady expansion in West German 
industry. All over Europe the quality of equipment being 
produced is improving and in most fields of engineering 
and particularly on the electrical side the quality of both 
workmanship and conceptual design is very high. In the 
nuclear engineering field we must be wary of assuming that 
our immediate post-war lead will be retained automatically. 
Competition will increase steadily, particularly with the 
advent of the Euratom tie-up. The investment of European 
companies in terms of development effort is also impressive. 
As an example, the Montecatini-Fiat group can muster a 
larger qualified development team on the nuclear side than 
any of the consortia in this country. Whilst part of their 
effort is devoted to the evaluation of overseas designs with 
a view to purchasing nuclear power stations for installation 
in Italy the section that is concerned with original work 
is none the less on a sufficient scale to provoke considerable 
thought. 


Scottish Public Enquiry 


The public inquiry on the South of Scotland Electricity 
Board’s nuclear generation project in Ayrshire was held in 
February when Sir James Randall Philip, O.B.E., Q.C., 
presided at the thirteen-day session. Nearly four months 
have now passed and the results of this inquiry have yet 
to be promulgated. The delay has been largely caused by 
Sir Randall’s illness which has regrettably now been 
followed by his death. It has been necessary, therefore, 
to appoint another officer to conduct the public inquiry and 
Mr. Harold R. Leslie, Sheriff of Roxburgh, Berwick and 
Selkirk, has accepted the responsibility. He could have 
taken the decision to rehold the inquiry from the beginning 
which would have involved the delays attendant upon 
giving due notice for briefing of counsel but, having read 
the notes taken at the previous inquiry and having con- 
sulted the counsels for the two sides, he has agreed to 
accept the evidence already collated and to submit a report. 
This decision is most welcome as any further delays could 
have had most serious implications. 

It must be remembered that if the recommendations of 
the public inquiry committee are not favourable to the 
site, a new location must be selected and, probably, the 
whole business must be gone through again. Meanwhile, 
the company concerned in the building of the Scottish 
plant is left with a large amount of capital tied up, and 
with teams ready to start work, but unable to proceed. Not 
all the time has been wasted of course, as none of the 
consortia’s designs were accepted without reservations and 
some modifications have had to be made. In the main, 
however, apart from the altitude of the boilers, these were 
in detail and did not affect the initial civil engineering; 
and the speed with which ground operations were begun 
on the C.E.A, stations gives a measure of the readiness 
of the contracting groups. 

The hold-up in the construction of the Scottish station 
will not be confined to this project alone, as inevitably the 
contracting companies’ facilities are not limitless and subse- 
quent contracts will be delayed accordingly. 


Supergrid Project Suspended 


The C.E.A. have announced that the project to build a 
275 kV supergrid line from Drakelow power station near 
Burton-on-Trent to Fleet in Hampshire has _ been 
temporarily suspended due to the change in generation 
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distribution brought about by the siting of present and 
future nuclear power stations. Whereas coal fired power 
stations were sited as near the coal areas as possible present 
philosophy calls for coastal siting of nuclear power stations. 
In the main, however, the coal faces were nearer to 
industrial load centres than suitable coastal sites and 
unless it is agreed that nuclear power stations can be 
built near the main load centres in the not too distant 
future transmission problems with the attendant domestic 
problems associated with the erection of supergrid 
transmission lines will become even more acute. 


Fast Reactor Projects 


The following table summarizes the fast reactor projects 
undertaken in this country and the U.S.A. It should be 
noted that the Dounreay fast reactor when it has diverged 
will be the first large-scale fast experiment in the world. 
So far EBR-1 operating at just over 1 MW has been the 
largest reactor whilst EBR-2 which will be on a scale 
comparable to Dounreay, is not due to diverge until 
June, 1959. 


o | System | Diverged | Experience 
UNITED KINGDOM 
Nerval) Zero energy Late 1953 Operating now as fast slow 
arwe system. 
ZEUS Zero energy Dec. 1955 Evaluated data for 
(Harwell) U,-45% U 235 Dounreay reactor. 
Dounreay U, — April 1958 Ground broken March, 
6 


1956. Pu core probably 
1963. 


U.S.A. 
Clementine Pu, Hg-cooled Nov. 1946 Dismantled 1953 following 
(Los Alamos) 25 kW fuel element rupture. 
EBR-1 U, NaK-cooled Dec. 1950 Destructive power surge 
(Arco) 1.4MW 2nd core early Nov. 1955 
1954. 3rd core 
Aug. 1957. 
Pu 1959 
EBR-2 U-Pu alloy Construction planned to 
(Arco) Na-cooled — June, 1959 start May, 1957. 
62.5 MW 

ZPR-Ill Zero power Currently examining 
(Arco) research Doppler effect. 
ZPR-V Fast-thermal Programme believed to be 
(Lemont) experiment similar to ZEPHYR 
LAMPRE Liquid Pu alloy Late 1958 Programme provides for 
(Los Alamos) Na-cooled, two further reactor 

1MW experiments (Il and Ill). 


Enrico-Fermi* | U, Na-cooled Before 1964 In first generation ot com- 
(Detroit) 300 MW mercial power reactors. 


*Nuclear Engineering, 2, 1956, p. 112. 


To Breed or to Convert? 


The Dounreay reactor has been universally called a fast 
breeder reactor but, strictly speaking, it is not scheduled 
to become a fast breeder until 1963 when, on present 
reckoning, a plutonium core will be inserted. In the U.K., 
at any rate, the term “ breeding” is independent of gain 
factor, and defines a system in which the fissile material 
derived from the fertile material is identical with the fuel. 
Only two systems fall into this category, the first where 
plutonium forms the fuel and uranium the blanket, and 
the second where U233 forms the fuel and thorium the 
blanket. No system which burns U235 can, in British 
terminology, be classified as a breeder. It can only be 
a convertor. Quite apart from this being now generally 
accepted as the proper meaning of breeding there is genetic 
justification. Although in terms of the total population 
there is a gain factor of 1.2, it is not obligatory to have 
three children for them to be well bred. 
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The facilities recently afforded by the U.K.A.E.A. for an inspection of the Dounreay site 
make it possible to give a much more coherent account of the scheme than has hitherto 
been allowed. It is, of course, only two years since work commenced on the site 
and construction, although in an encouraging state, is by no means complete. The 


fast reactor is not scheduled to become critical before April, 1958. 


‘TT fast reactor, with its spherical housing, not only 

dominates the site at Dounreay, but it has also tended 
to capture the imagination to such an extent as almost to 
obscure its other functions. 

Dounreay, of course, is primarily a research and 
development establishment. Unlike others of the Industrial 
Group, it does not produce any saleable end product, such 
as plutonium or electricity. Its end product is, in fact, 
knowledge, and the fast reactor is one project in a 
complex organization that also provides for fuel 
element development, chemical and metallurgical research, 
criticality studies, and reactor physics. 


The following are the main sub-divisions: 


The Fast Reactor Group responsible for the actual opera- 
tion of the reactor to a programme compiled by the R and 
D Branch. 


The Materials Testing Reactor Group, who will operate 
the Dounreay Materials Testing Reactor (DMTR), a heavy- 
water reactor similar to DIDO but with fewer and larger 
experimental facilities to take large test rigs and afford 
information on the behaviour of constructional and canning 
materials, coolants, etc., under irradiation at high neutron 
flux densities. 


The Chemical Group which has four main sections: (a) 
fuel element fabrication (for both the fast reactor and 
DMTR); (b) chemical separation of isotopes from 
irradiated fuel elements (from both fast reactor and 


DMTR); processing and production of metal billets; (c) 
effluent disposal; (d) chemical analysis. 


The Health Physics Group providing services to all other 
groups on matters concerned with health and _ safety, 
including fire fighting. 


There are, in addition, other bodies concerned with 
overall problems such as administration, the provision of 
services such as electricity and water, welfare and amenities, 
accommodation and transport. j 

The key diagram on the next page shows only the fast 
reactor portion of the site, so that the size and complexity 
of the whole scheme can be imagined, particularly when 
it is remembered that in March, 1955, Dounreay was a 
disused Naval airfield. Even this, however, does not take 
into account some of the special items, such as the sea 
water pump-house which, although 80 ft. high, is largely 
below ground level; the effluent tunnel being excavated 
some 70-80 ft. below the sea bed, nor the raising of the 
level of Loch Shurrey to provide adequate fresh water. 

Although the fast reactor is only one of the many items 
of interest to be seen at Dounreay, it can, nevertheless, 
be regarded as the centre around which the remainder 
of the activities of the site revolve, practically everything 
else forming a link in the chain of an organization devoted 
to the study of advanced types of reactor. In these circum- 
stances, it is considered appropriate to devote the whole 
of the available space to the fast reactor, dealing with the 
remaining sections of the Dounreay scheme in subsequent 
issues of this journal. 
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Key diagram showing the general 
arrangement of the Dounreay fast 
reactor site. 
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The Fast Reactor 


~ considering the fast reactor, it is important to appreciate 

the true purpose of the fast reactor project. The reactor 
cannot at any time be regarded as a commercial power unit 
and although it will, eventually, produce some power, its 
function first and foremost is experimental. It is, in fact, 
a “ pilot plant,” intermediate between the laboratory stage 
and the full-scale prototype, and has been designed 
throughout to provide information that cannot be obtained 
either theoretically or on a laboratory scale. When this is 
borne in mind, and the plant is regarded as an extra- 
polation of laboratory work, the reasons for a great deal of 
what might otherwise be considered over-elaboration 
are obvious. 

The fast reactor scheme can be 
most conveniently followed by a 
brief general description, and then 
by consideration of individual 


The core is completely contained in a large stainless 
steel liquid-metal-filled vessel which is closed by heavy 
shielded plugs that are mounted eccentrically one inside 
the other, so that by rotating them it is possible to obtain 
access through a comparatively small aperture, to any 
part of the core or blanket. Elements are inserted or 
removed by means of a flask-type fuel-handling unit. 

The coolant, consisting of a sodium-potassium alloy, is 
continuously circulated by electromagnetic pumps through 
24 primary heat exchangers of the concentric tube pattern 
which transfer the heat to secondary sodium-potassium 
circuits, and they convey it to secondary heat exchangers of 
the NaK-water type. These are, in fact, boiler units. As 


ROTATING CRANE 
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simplified diagram of the broad 
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accompanying illustration. ECCENTRIC ELECTROMAGNETIC 
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moving a proportion (approxi- 
mately 25%) of the elements into 
or out of the core. 


Simplified schematic diagram of fast reactor. Two primary heat exchangers are 
shown, that on the left illustrating the thermo syphon system only, and 
omitting the secondary heat exchangers for the sake of clarity. 
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the primary object is to provide adequate cooling for the 
reactor, not a constant steam supply for the turbine, the 
boilers or secondary heat exchangers can be operated to 
provide either steam or hot water, the heat from which 
can be dumped to sea-water in tertiary heat exchangers. 
The primary heat exchangers are grouped around the 
core vessel in a massive concrete vault, the entire assembly 
being enclosed in a steel sphere 135 ft in diameter which is 
designed to afford complete containment in case of a reactor 
excursion or a sodium fire. The secondary and tertiary 
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heat exchangers are outside the sphere in a building along- 
side. 

Should a breakdown of the primary electromagnetic 
pumps take place, in spite of the precautions taken to ensure 
continuity of supply, a certain amount of cooling of the 
core can be obtained by a thermo-syphon cooling system, a 
small subsidiary metal/metal heat exchanger being pro- 
vided in the top branch of each primary loop. This 
secondary circuit exchanges to atmosphere in the stack. 
With thermosyphoning, primary flow changes direction. 


The Sphere 


Saws approach to the design of the sphere has already 

been published in these pages* and it may suffice to 
mention briefly one or two of the salient points. In the 
first place, there was a dearth of reliable data on which 
to base the design. The sphere is 135 ft diameter, has a 
surface area of 14 acres and is some 20 times larger in 
volume than any similar structure in Britain. The tempera- 
ture range was also an awkward one; construction had to 
take place in the open with temperatures frequently as low 
as 12° F and the completed vessel had to withstand high 
temperatures in case of a sodium fire. It is also called upon 
to withstand a pressure range from 18 p.s.i. above atmos- 
pheric to 3 p.s.i. below. 


** The Dounreay Sphere,” by J. McLean, B.Sc., A.R.T.C. (Chief designer, 
Motherwell Bridge and Engineering Co., Ltd.). Nuclear Engineering, 1, p. 56. 


(Above) Cold-pressing sphere plates. 


(Below) Shop fabrication of the outer supporting skirt. 


Gas-cutting sphere plates. 


The steel finally decided upon was Coltuf 28 for the 
thicker plates and a steel to Lloyds P.403 specification for 
the thinner plates, the thickness of the sphere ranging from 
1 in. to 1 in. For the highly stressed portions near the 
supporting skirt, Coltuf 32 was used. Forgings were 
specified to BS 1505 Grade C and all shop-welded portions 
were stress relieved. Finally, after a series of welding tests 
under the supervision of Lloyds, it was decided to use low- 
hydrogen electrodes throughout for the two miles of 
welding required. 


Shop Fabrication 


Plate edges were shaped and profiled in a single operation 
using 3-tip gas burning units, travelling on a template. The 
profile used was a double V (60°) with a ;%-in. root face. 

Plates were afterwards cold-pressed in a 1,000-ton press. 
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(Above) Automatic welding of pairs 

of sphere plates together. This is 

believed to be the first time that 

automatic welding has teen applied 
to sphere-section plates. 


AC.LSOF 
(On right) The set-up for the erection “ 
of the upper half of the sphere, - 
showing the structure for supporting 
the plates. 


They were then Zinc-sprayed, except for 
the edges, and transported to site. Where 
nozzles were required in the plates these 
were fitted before dispatch. 


Erection 

The sphere was designed to be 
supported by a stool or inner skirt in 
the centre and a double outer skirt at 
about one-half the diameter. The outer skirt, of heavy 
double plate construction, was shop fabricated, and 
broken down into segments for transport. 

The concrete foundation is in the form of a saucer, the 


(On right) A portion of 
the outer skirt on_ its 
foundations. 


(Below) Erecting the first 
few plates on the central 
stool or inner skirt. The 
outer skirt is not yet in 
position, but the concrete 
foundations can be seen. 
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rim portion carrying the outer skirt being some 10 ft thick. 
The central skirt or supporting stool was placed in position 
in the centre of the ring and the first plate welded on petai- 
fashion. Since the size of plate was limited by road 


(Below) A_ view from 

foundation level of the first 

few rows of plates outside 
the outer skirt. 


QR 
| 
— 
| 
| 
3 
a 
t 
q 


June, 1957 NUCLEAR ENGINEERING 


Stages in the erection of 
the sphere. 


transport conditions, it was found convenient and time- 
saving to weld plates together in pairs before erection. 
Automatic welding was developed for this purpose in con- 
junction with the Quasi-Are Co., Ltd., it being the first 
time that it has been applied to a spherical vessel. A 
hangar of the old aerodrome was taken over and two 
automatic welding manipulators installed. Automatic 
welding was carried out by the Fusare process using 4 g. 
electrodes, and 1,000-amp generators. Some 20%-25% of 
the total welding was carried out by this means. 

Most of the fabrication, however, was by hand welding, 
and “ Fortrex 35” electrodes were used, Murex Ltd., 
supplying some 300,000 ft of this type. 

Stress relieving of the sphere was obviously imprac- 
ticable, but Class 1 welding was specified and every portion 
of weld was subject to radiographic examination. Gamma 


View inside the half-completed sphere showing the 
concrete vault. 


radiography, using a 10c iridium source was used in some 
inaccessible positions, but the majority was photographed 
by three portable 250-kV X-ray units. 

Although the plates had been shot-blasted and sprayed 
in the Motherwell Bridge works, it had been necessary to 
stop short of the edges. After welding, the joins between 
plates were prepared for metal spraying by the use of the 


(Left) Commencement of the lower half. 
Sphere half completed and concrete in position. 
Sphere from inside, nearly completed. 
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(Above) 
(Right) 


Vacu-Blast process which, with its ability to confine the 
shot, renders open work of this type practicable. 

The growth of the sphere is shown in the accompanying 
photographs, from which it will be seen that once the outer 
skirt had been passed, support for the plates whilst welding 
into position was by means of multiple booms from a 
central supporting structure. 

When the sphere was half constructed the concrete vault 
was built, this also being supported from the inner and 
outer skirts. The top of this vault provided a support for 


View outside the half-completed sphere showing the 
ring unit for the airlock. 


the structure to hold the plates in place during construction 
of the upper half of the sphere. This structure also 
supported a tower some 68 ft high which provided a pivot 
for one end of a gantry crane whose other end was 
supported on a wheeled carriage traversing a circular rail 
mounted on the stiffening girder at the sphere’s equator. 
After completion the rotating gantry was replaced by an 
access ladder or cat-walk, following the contour of the 
sphere. 

At one time the sphere was covered in with a flax 
“umbrella” which was manufactured by Thomas Black = 
and Sons (Greenock) and required 1,100 yards of material. 

A hole was left at the top of the sphere for installation 
of the reactor at a later date. In normal operation the only 
access to the sphere is through a large airlock situated just 
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below the level of the equator. This lock is 40 ft long and 
16 ft in diameter, and communicates with the adjacent 
element storage building. The heavy doors for this airlock 
were fabricated by the Motherwell Bridge and Engineering 
Co. Ltd., who were, of course, responsible for the entire 
structure of the sphere. The mechanism for the doors was 
provided by Strachan and Henshaw Ltd. The airlock was 
delivered to site in rings, assembled and welded in the site 
workshop, and lifted in one piece. The bellows ring 
was designed and supplied by the British Appliances 
Manufacturing Co. Ltd. of Leeds. 

The sphere is not externally lagged, since, should a 
sodium fire by any chance develop, the bare surface of the 
sphere will be necessary tor cooling purposes. The design 
itself, however, incorporates a suspended acoustic blanket 
in the form of a false ceiling some three-quarters of the 
way up the sphere. 

Lloyds Register of Shipping, Lands Division, acted as 
the Authority’s Inspection Agents from the making of the 
steel to the completion of the work on site. Before 
commissioning, the sphere will be pressure tested to prove 
its soundness. 
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(Above) One of the massive airlock doors. 


The Reactor Vault 


HE reactor is accommodated in a massive concrete vault, 

some 88 ft overall diameter, with walls 5 ft thick and 
internal dimensions of 78 ft diameter by 36 ft high, which 
was built by Whatlings Ltd., the main steelwork being 
supplied by Alex. Findlay and Co. Ltd. This vault, a 
bowl-shaped structure, is supported by the sphere founda- 
tions. The top slab, 5 ft 6 in. thick, contains a central 
hole stepped from 23 ft to 26 ft diameter and is supported 
on steel columns at 58 ft p.c.d. 

This vault is intended to contain the reactor and primary 
heat exchangers, and is internally lagged with the object 
of protecting the concrete from the high internal operating 
temperatures that are anticipated, particularly as, at some 
future date, it is intended to heat the vault, and utilize 
sodium as a coolant in place of NaK. 


Te, 


Part section of reactor vault showing insulation sections. 


This lagging is installed with an air space between it 
and the concrete and consists of some 1,200 metal-clad 
insulation panels accurately fitted into position and sealed. 
These panels were supplied by Henry Hargreaves and Sons 
Ltd. of Bury, Lancs, and it is interesting to note that it 


General arrangement of sections of metal-clad insulation. 


was necessary to arrange for more than 500 holes to 
accommodate pipes and equipment. The lagging was pre- 
assembled in the manufacturer’s works before being 
dispatched to site. 

The air space between the lagging and the concrete 
forms part of a closed circuit air cooling system fed from 
ring mains of ducting outside the vault. The space 
beneath the top slab is fitted with splitter plates to induce 
a two-way air flow around the windings of the electro- 
magnetic pumps, circulating the NaK coolant. 

Around the periphery of the outside of the vault is a fan 
gallery, where the hot air is extracted from one ring main 
and, after cooling, returned to the other. Each of the fan 
units, of which there are 12, consists of two Musgrave 
centrifugal fans, with an intermediate heat exchanger 
manufactured by Thermo Engineers Ltd. Since it is 
desirable, for obvious reasons, not to allow water circuits 
inside the sphere, these heat exchangers are of the air/oil 
type, the heated oil being taken outside the sphere for 
cooling in oil/sea water heat exchangers. 

There is a somewhat similar cooling system for the steel 
supports of the reactor vessel. This, however, utilizes 
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nitrogen in place of air as a cooling medium, and the fans 
and heat exchangers are of smaller dimensions. 

The sphere itself has air circulation and dehumidification 
equipment supplied by Thermotank Ltd. 

Some idea of the extreme complexity of the reactor 
vault can be gathered from the pull-out opposite page 238. 


Shielding 


While the concrete provides a biological shield it is not 
in itself capable of acting as a neutron shield because of the 
thermal stresses that would be set up. To obviate this a 
4 ft layer of borated graphite is built round the vessel, the 
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One of the circu- 
lating fans on 
the fan gallery 
during erection. 


graphite being supplied by the Morgan Crucible Co. Ltd. 
There is a region of pure graphite introduced into this 
shield, to enable fission rate measurements to be taken. 


The Core 
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E reactor core consists of a hexagonal prism 

approximately 21 in. across the flats, and 21 in. active 
length, with stainless-steel end plates for supporting the fuel 
elements. These are of annular cross section (the tubes 
being drawn from sintered niobium cups), and there are 
between 350 and 400, some 3} in. diameter, containing 
annular elements of enriched uranium with a length at 
either end containing natural uranium to form the top and 
bottom blanket sections. The cans are partly finned on 
the outside. 

The 1,900 outer blanket elements are 8 ft long and 1} in. 
diameter, and consist of natural uranium canned in 
stainless steel; since the objections to stainless steel for a 
thermal reactor (i.e. poor neutron economy) do not, of 
course, apply in the case of fast neutrons. 

ZEUS, constructed at Harwell for the criticality study 
of the Dounreay core, has already been described in these 
pages,** but considerable modifications in design have 
since been made. 


Control 


Control of reactivity is obtained by variation in the 
make-up of the core, by moving twelve groups of fuel 
elements, comprising some 25% of the core, plus three 
safety rods. Raising and lowering of each group is 
accomplished by a separate mechanism, arranged generally 
as shown on the accompanying diagram. A magnetic 
clutch is incorporated in each control rod drive to allow 
the drive to be transmitted through the reactor vessel 
without leakage of fission products. 

Each control rod and support within the reactor vessel 
is supported by an electromagnet, so that any interruption 
of electrical supply allows the rods to fall rapidly out of 
the core. As an additional safeguard, three rods contain- 
ing boron—10 may be dropped into the inner row of 
blanket elements surrounding the core. The design of 
these boron safety rods differs from that of the control 
rods, so that the possibility of their failure at the same 
time as that of the control rods is remote. 

The positioning of the control and safety rods is 
determined from the desk in the control room by means of 
a selector switch and push buttons. Operation of an 
emergency push button on the desk cuts the current to all 
the hold-on magnets and drops all the control rods and 
boron safety rods simultaneously. 


*In Nuclear Engineering for October, 1956, it was announced that Accles 
& Pollock Ltd. had a contract for niobi and i cans for Dounreay. 

“* Nuclear Engineering, May, 1956, p. 72, and ‘* The World's Reactors,” 
No. 5 (September, 1956). 
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In addition to normal or emergency shut downs con- 
trolled by the operator from the control desk, automatic 
shut-down occurs with failure of pressure in the primary 
gas blanket; high temperature in the centre af the core; low 
coolant flow; a high level of neutron flux, or an abnormally 
rapid rate of increase of neutron flux. Electromagnetic 
flowmeters measure the flow of liquid metal coolant in the 
primary and secondary circuits, and the nuclear behaviour 
of the reactor is followed by means of ion chambers located 
in the graphite shield surrounding the reactor vessel. 

Element changing is carried out by a charge-discharge 
machine suspended from the rotating crane. This crane, 
of 25-ton capacity, was supplied by J. H. Carruthers and 
Co., Ltd., of Glasgow, and is fitted with two crabs so 
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that the charge-discharge machine can be suspended 
horizontally if required. 

The charge-discharge machine was manufactured by 
Strachan and Henshaw, Ltd., is heavily shielded and has 
a gastight door at the bottom. It is internally cooled by 
a nitrogen circulating system which is itself cooled by an 
air-blast heat exchanger. When removing an irradiated 
element, the machine is lowered on to the reactor top 
and locked in position with a gastight joint. The element 
is removed by a grab mechanism, and the gastight door 
closed, interlocks ensuring that both machine and reactor 
gastight doors must be closed before the machine can be 
removed. It is then transferred to the canning station 
where it is put into a lead-filled stainless-steel container, 
en route to the cooling pond and chemical processing. 


The Core Vessel 


Te core vessel which was produced by the John 

Thompson Group is said to be the most complicated 
stainless-steel vessel ever produced in Britain and probably 
in the world. With a height of 20 ft and 14 ft overall 
diameter containing 45 tons of stainless steel (including the 
top shields) it was required to be within limits of 0.1% 
circularity and 0.03% alignment; tolerances quite outside 
normal practice. 

The unit consists of a double-walled cylindrical outer 
vessel, with domed bottom and flat top, with a smaller 
inner cylindrical skirt reaching to about two-thirds of the 
depth of the outer vessel. This inner skirt will contain 
the core, blanket fuel and control rods. Between the 
periphery of the skirt and that of the outer vessel are a 
series of tubes and narrower pipes running from the top 
of the vessel to various levels below the base of the skirt. 
These tubes and pipes carry the operating mechanisms and 
connections for the control rods and instruments which 
will enter the core area from the bottom of the skirt. 

At the tops of the pipes, instrument boxes are welded 
in position and pipes carry connections from these out 
through the wall of the vessel. Similarly, pipes from the 
control rod mechanism tubes carry connections from these 
through the upper wall of the vessel. 

The double walls of the outer vessel are of } in. and $ in. 
plate with a } in. gap between, forming a jacket around 
the vessel which will be gas-filled in connection with the 
leak detection system. At two levels around the outer 
vessel there are stubs to which the ingoing and outcoming 


liquid metal pipework will be welded. The inlet is at the 
upper level. Within the vessel the flow divides, a small 
proportion passing through the blanket area and being led 
direct to four of the outlet stubs at the lower level, so 
that it does not mix with the main body of the coolant. 

The top of the vessel is formed by two rotating eccentric 
plugs, one within the other, so that a limited opening in 
the inner shield can, by movement of the rotating elements, 
scan the whole area of the core and breeder blanket. 
Rollers mounted on pads on the vessel carry the outer 
shield, which in turn has roller pads which carry the inner 
shield mounted eccentrically within it. The plugs are 
filled with borated graphite for shielding. purposes. 

During operation of the reactor both plugs are raised 
off their rollers by a jacking mechanism so that the heavy 
rings which form their periphery make a firm seal with 
machined surfaces on the member on which they are 
mounted. In addition, gas-tightness is maintained between 
the rotating parts during charge and discharge operations 
by double cylindrical skirts on each shield which form 
a labyrinth seal filled with liquid sodium. 

The space between the outer and inner wall is filled 
with pressurized dry nitrogen so that, should any leak 
occur, advance indication will be given by the failure of 
nitrogen pressure. This leak detection equipment has been 
taken as far as the primary heat exchangers, adaptor units 
being provided in the pipework at the point where the 
outer jacket of secondary sodium commences. 
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Primary Heat Exchangers 


HE primary heat exchanger units, like the reactor 

vessel, were manufactured by the John Thompson 
Group. There are 24 primary heat exchangers (NaK-NaK) 
serving 12 secondary liquid metal circuits, each of the 
primary heat exchangers being complete with its own 
electro-magnetic pump and cold trap unit. 

The heat exchangers throughout are in stainless steel 
tubes, the tubes being manufactured by the Talbot Stead 
Tube Co., Ltd. The heat exchangers are constructed of 
continuous loops of concentric tubing, the inner tube 4 in. 
bore x 16g carrying the radioactive primary coolant and 
the outer, 6 in. bore x 9g, the secondary coolant. The 
tubes were produced to rigid standards, including intro- 
scope inspection after hot drawing. After cold drawing to 
size, hydraulic testing and final inspection under water at 
100 p.s.i. air pressure were specified. 

The tubes are held concentrically by three-arm spiders 
cut from solid stainless steel, these also being of Talboi 
Stead manufacture. Other interesting fittings in conjunc- 
tion with these heat exchangers include a number of 


(Left) Typical 
heat exchanger 
construction 
showing  spac- 
ing spider. 


(Right) Core 

and coils of the 

English Electric 
FLIP pump. 


thermometer pockets for return bends, these being 
machined from 8 in. solid stainless steel cubes. 

A quantity of the tube was supplied in the form of 90° 
bends, the actual bending being carried out by B.K.L. 
Ltd. of Kings Norton. The majority of the tube, however, 
was provided in the form of straight tubes, the total 
amounting to some 60 miles varying from } in. to 7} in. 
diameter. 

Cold bending of tubes at the John Thompson works 
was carried out with special dies and lubricants to avoid 
pick-up from the dies. Degreasing and heat treatment to 
1050° F to remove residual bending stresses was followed 
by pickling in nitric and hydrofluoric acid to remove all 
scale. The most stringent precautions were taken against any 
possibility of leakage. Wherever possible butt welding was 
used to allow of radiographic examination, although this 
required that all branches and drain pockets had to be 


designed with extruded nipples* to which stubs could be 
butt-welded. 

The ends of all tubes above 14g thickness were machined 
to a welding profile of 1/16 lip. All items were butted 
closely together and welded by the argonarc process, the 
base run of the weld being made without a filler. Sub- 
sequent runs used a filler wire of high-grade stainless 
steel. Great care had to be taken to ensure that the 
internal bead was as smooth as possible and _ internal 
oxidation was carried out by isolating the joint on both 
sides with rubber bungs and filling the space with argon 
under pressure. 

A special technique was evolved for the X-ray examina- 
tion of double walled joints, the X-ray beam being angled 
to prevent the overlapping of the images of the outer and 
inner welds. 

Leak testing is carried out by filling with nitrous oxide 
under pressure and using an external detector. Hydraulic 
testing, degreasing, light pickling, washing and drying with 
hot filtered air were carried out on all units before dispatch 
to site, the internal condition being maintained by affixing 
rubber caps immediately after drying. 


Erection 

As can be seen from the various illustrations of the 
installation, space within the reactor vault is at a premium. 
Furthermore, the construction is such that once the reactor 
vessel was in position it would not be possible to insert 
components of any size. Erection planning alone, then, 
became a major operation and it was necessary to stow 
in pre-planned order some 4000 sections of pipework before 
erection could commence. It also entails some 3000 welds 
to be made in a confined space, under “ clean conditions ” 


*Additional information on the John Thompson welding techniques can be 
found in ‘* Fabrication and Welding Techniques for Atomic Energy Plant,” 
Nuclear Engineering, December, 1956, p. 378. 
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Primary Heat Exchangers 


lean primary heat exchanger units, like the reactor 
vessel, were manufactured by the John Thompson 
Group. There are 24 primary heat exchangers (NaK-NaK) 
serving 12 secondary liquid metal circuits, each of the 
primary heat exchangers being complete with its own 
electro-magnetic pump and cold trap unit. 

The heat exchangers throughout are in stainless steel 
tubes, the tubes being manufactured by the Talbot Stead 
Tube Co., Ltd. The heat exchangers are constructed of 
continuous loops of concentric tubing, the inner tube 4 in. 
bore x 16g carrying the radioactive primary coolant and 
the outer, 6 in. bore x 9g, the secondary coolant. The 
tubes were produced to rigid standards, including intro- 
scope inspection after hot drawing. After cold drawing to 
size, hydraulic testing and final inspection under water at 
100 p.s.i. air pressure were specified. 

The tubes are held concentrically by three-arm spiders 
cut from solid stainless steel, these also being of Talbor 
Stead manufacture. Other interesting fittings in conjunc- 
tion with these heat exchangers include a number of 


(Left) Typical 
heat exchanger 
construction 
showing  spac- 
ing spider. 


(Right) Core 

and coils of the 

English Electric 
FLIP pump. 


thermometer pockets for return bends, these being 
machined from 8 in. solid stainless steel cubes. 

A quantity of the tube was supplied in the form of 90° 
bends, the actual bending being carried out by B.K.L. 
Ltd. of Kings Norton. The majority of the tube, however, 
was provided in the form of straight tubes, the total 
amounting to some 60 miles varying from } in. to 7} in. 
diameter. 

Cold bending of tubes at the John Thompson works 
was carried out with special dies and lubricants to avoid 
pick-up from the dies. Degreasing and heat treatment to 
1050° F to remove residual bending stresses was followed 
by pickling in nitric and hydrofluoric acid to remove all 
scale. The most stringent precautions were taken against any 
possibility of leakage. Wherever possible butt welding was 
used to allow of radiographic examination, although this 
required that all branches and drain pockets had to be 


designed with extruded nipples* to which stubs could be 
butt-welded. 

The ends of all tubes above 14g thickness were machined 
to a welding profile of 1/16 lip. All items were butted 
closely together and welded by the argonarc process, the 
base run of the weld being made without a filler. Sub- 
sequent runs used a filler wire of high-grade stainless 
steel. Great care had to be taken to ensure that the 
internal bead was as smooth as possible and internal 
oxidation was carried out by isolating the joint on both 
sides with rubber bungs and filling the space with argon 
under pressure. 

A special technique was evolved for the X-ray examina- 
tion of double walled joints, the X-ray beam being angled 
to prevent the overlapping of the images of the outer and 
inner welds. 

Leak testing is carried out by filling with nitrous oxide 
under pressure and using an external detector. Hydraulic 
testing, degreasing, light pickling, washing and drying with 
hot filtered air were carried out on all units before dispatch 
to site, the internal condition being maintained by affixing 
rubber caps immediately after drying. 


Erection 

As can be seen from the various illustrations of the 
installation, space within the reactor vault is at a premium. 
Furthermore, the construction is such that once the reactor 
vessel was in position it would not be possible to insert 
components of any size. Erection planning alone, then, 
became a major operation and it was necessary to stow 
in pre-planned order some 4000 sections of pipework before 
erection could commence. It also entails some 3000 welds 
to be made in a confined space, under “ clean conditions ” 


*Additional information on the John Thompson welding techniques can be 
found in ‘* Fabrication and Welding Techniques for Atomic Energy Plant,” 
Nuclear Engineering, December, 1956, p. 378. 
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The World’s Reactors 


No. 12—DOUNREAY 


TYPE: 
PURPOSE: 
LOCATION: 
OPERATION: 
RATING: 
FUEL: 


CORE: 


BLANKET: 


CONTROL: 


PRIMARY COOLANT: 


SECONDARY 
COOLANT: 


LIQUID METAL 
PUMPS: 


TERTIARY COOLANT: 


SHIELDING: 


CONTAINMENT: 


Fast, heterogeneous. 

Power breeder reactor experiment. 
Dounreay, Caithness, Scotland. 
Scheduled for April 1, 1958, 

60 MW (heat), 15 MW (electrical). 


Uranium; plutonium in 1963 (say). 

Effective enrichment: variable, ~40%. 
Elements: finned tubular form, niobium clad. 
Length: 3 ft, central 21 in. only enriched U. 


Hexagonal prism: 21 in. x 21 in. 
Number of elements: ~350. 


Reactor tank: stainless steel double walled 20 ftx14 ft 
overall dia., pressurized to 50 p.s.i. 


Natural U. 

Elements: cylindrical, stainless steel clad 8 ft x 14 in. dia. 
Number of elements: ~2,000.* 

Overall size: 8 ft x 6 ft dia. 

Radial thickness: 2 ft. 

Axial thickness over core: 7 in. 

Total uranium investment: 65 tons. 


Groups of core elements, located at hexagon corners raised 
or lowered vertically. 12 in number. 


Safety rods: B10 rods which fall vertically into centre of 
control groups. 3 in number. 


70/30 NaK (later Na). 

Freezing point: 50°C. 

Flow downwards through core and blanket. 

Inlet temp. ~200°C. 

Outlet temp. ~350°C. 

24 primary circuits through concentric heat exchangers. 
Total flow: 10,000 gal/min. 


70/30 NaK (later Na). 

Flow counter to primary. 

Inlet temp. ~200°C. 

Outlet temp. ~300°C. 

Secondary heat exchangers: NaK/Water. 
Present number 6, ultimately 12. 


Electro-magnetic, flat linear induction type. 
Pressure at 400 gal/min: 16 p.s.i. 
Power: 120 kW for 4 pumps. 


Water. 

Steam conditions: 150 p.s.i., 518°F. 
Alternative dumping to sea water condensers. 
Maximum sea water flow 50 Mgal/d. 


Borated graphite: 4 ft radial thickness. 
Concrete: 5 ft radial thickness. 
Vault: 90 ft dia. x 45 ft high. 


Steel sphere: 135 ft dia. 

Surface area: 14 acres, weight: 1,500 tons. 
Plate thickness: 1 in. to 1Z in. 
Specification: to Lloyds P403 and Coltuf 28. 
Design pressure:+18 p.s.i.g. to —3 p.s.i.g. 
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(Above, and on right) Three views of the heat exchangers 
during erection. 
(Courtesy Ace Fil.ns, Ltd.) 


to close limits of accuracy and the radiography and gas 
testing of every weld. 


Electromagnetic Pumps 

Both the primary and secondary NaK coolants are 
circulated by electromagnetic pumps, there being 24 
primary and 24 secondary units. Both are of the FLIP 
(Flat Linear Induction Pump) type in which a flattened 
tube is subjected to an intense travelling field from a 
laminated stator carrying 3 phase induction motor-type 
windings. 

The pumps, manufactured by the English Electric Co. 
Ltd., are designed so that the unit is enclosed in a steel 
tank and the stators can be unclamped, removed, and 
replaced by remote means without interfering with the 
liquid metal circuit. This is shown in the accompanying 
illustration. The pump shown is actually one for the 
secondary circuit, but the primary pumps are similar, except 
that the access columns are considerably longer to 
accommodate a heavy shielding plug. The tanks operate 
under nitrogen. 

Windings for the pumps have Class “H” insulation 
(mica-glass-silicone). 

Since the NaK alloy (proportion 70/30) to be used in 
the early stages freezes at 50° C, and pure sodium is 
envisaged for future operation, all the primary heat 
exchanger elements are fitted with electrical trace heating. 
using elements of the mineral-insulated metal-sheathed type 
under the lagging. 


(Left) Primary 
pumps during 
installation. 


(Right) Below 
heat exchanger 
level in the vault. 
On right are the 
reactor vessel 
supports which 
are nitrogen- 
cooled. 


To maintain the sodium free from oxide contamination 
cold traps are provided in each of the primary and 
secondary heat exchanger circuits. The Talbot Stead Tube 
Co. Ltd. supplied one million stainless steel Raschig rings 
used in these traps. For a further safeguard in the primary 
circuits, it is intended to provide hot traps utilizing the high 
oxygen-affinity of zirconium for the reduction of any 
residual sodium or potassium oxide. 
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Secondary Heat Exchangers 


a considering the secondary heat exchange system it is 
necessary to remember that its most important function 
is not the economical generation of steam, but the contro! 
of the reactor operating temperature level, and that efficient 
cooling, flexibility of control and absolute reliability 
are the first considerations. Design, manufacture, and 
installation, of the plant has been undertaken by the 
John Thompson Group in conjunction with the A.E.A. 
The turbine, with its associated condenser and auxiliaries 
is being manufactured by the General Electric Co. Ltd. 

The secondary heat exchanger plant is installed in a 
boiler house located within a short distance of the sphere 
on the opposite side from the air-lock, the secondary NaK 
pipes emerging through glands in the side of the sphere 
near the base and returning just below the equator by a 
short bridge. 

The scheme envisages the removal of heat from the 
secondary NaK either by operating the secondary heat 
exchangers as boilers and using the Steam in a turbine, or 
by using them as water heaters, the heat being rejected to 
sea water through tertiary or dump heat exchangers; or by 
a combination of these methods, using bypass controi. 
The secondary heat exchangers incorporate economizer 
and superheater sections which can be isolated or brought 
into circuit as required. In order to obtain the rapid 
response necessary for successful operation, bypass valves 
are designed for compressed-air operation from a central 
control board. 

There will eventually be twelve heat exchangers, each 
complete with its own economizer, evaporator, and super- 
heater sections. Since, however, a long period of operation 
at half load is anticipated, only six of the heat exchangers 
are at present in course of installation, although the 
steam-and-water drums for all twelve have been installed. 
Each drum is approximately 4 ft 6 in. diameter by 4 ft 3 in. 
long, with the usual water boxes and steam separator. 

The elements making up the heat exchanger consist of 
a water tube surrounded by four NaK tubes, the five tubes 
being enclosed in a series of close-packed copper lamina- 
tions. This provides good heat transfer, whilst allowing 


(Below) De-aerators during erection. (Right) Secondary FLIP 
pump. 


any leakage which might occur on either the NaK or water 
side to take place without involving the other side, so 
reducing the possibility of troubles due to the two fluids 
meeting. Both sets of tubes are of stainless steel. 

The elements are coupled together in parallel circuits, by 
inlet and outlet headers for economizer, evaporator, and 
superheater sections. The exchangers are seven banks 
high and there are 21 parallel water-steam circuits in each 
exchanger unit. The design does not incorporate separate 
enclosure for each unit, instead, the whole six units will be 
enclosed in one large steel “ cabinet” with heavy internal 
lagging of Rocksil and provision for internal electric 
heating. 


Feedwater 


Very stringent precautions are being taken with the 
feedwater. There are two John Thompson-Kennicott 
mixed-bed deionization units each of 1,000 gal/h output 
and Hick Hargreaves de-aerators. Both feed tanks and 
surge tanks are nitrogen-sealed, and there is a_ very 
complete system for chemical dosing. Weir feed pumps 
and Hayward Tyler boiler circulation pumps are installed. 
The dump heat exchangers were built by the Serck 
Radiator Co. Ltd. 


Turbine 

The turbine which the G.E.C. are supplying is a 15 MW 
unit, and is generally similar in design to the standard 
G.E.C. single-casing machine but incorporates a number 
of special features on account of the comparatively low 
steam conditions of 150 p.s.i. and 518°F, so that inlet 
pipes and governing valves must be suitable for handling 


on 
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Secondary heat transfer elements. The copper matrix can be 
clearly seen. 


Header arrangements on the secondary heat exchangers. 


a large volume of steam, which will be admitted to both 
upper and lower halves of the high pressure casing. 

As nozzle control is required, the system of governing 
valves on the casing which would normally be employed 
on machines of this rating will be replaced by separate 
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Heat exchanger elements prior to erection. 


steam chests symmetrically arranged with one on each side 
of the casing. Each chest will be supplied with steam 
through a 12 in. bore pipe and will contain one emergency 
and three single-beat governing valves, connected to the top 
and bottom halves of the casing by loop pipes. 

In addition to the normal hand and overspeed trips the 
turbine will be provided with vacuum and solenoid trips, 
and also with trips for loss of oil inlet pressure and thrust 
wear. Pressure and vacuum unloading gear is provided. 

It is envisaged that the steam conditions may be 
improved at a later stage to 200 p.s.i.g. and 622° F, and the 
turbine has been designed to operate under these conditions 
without modification. This would, of course, result in 
some reduction in internal efficiency, and provision has 
therefore been made for fitting a new nozzle block and two 
additional stages should a higher efficiency be desired. 


Boiler drums on the secondary heat exchangers, during erection. ig 
: NS a re Part of the bank of six secondary heat exchangers. = 
‘a 
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Dounreay 

Les travaux de Dounreay de I’ Autorité d’Energie Atomique 
du Royaume-Uni (Groupe industriel) sont situés dans un emplace- 
ment prés de Thurso dans le N-E. de l’Ecosse. La station 
comprend actuellement l’essai d’un réacteur rapide, le réacteur 
d’essai des matériaux qui doit étre mis en marche cette année 
au début de l’automne, une installation de fabrication et de 
préparation des éléments combustibles pour alimenter les 
réacteurs qui nécessitent un combustible trés enrichi et également 
des laboratoires et des facilités pour des travaux de recherches 
fondamentales, notamment sur le comportement des matériaux 
sous une irradiation entense. De plus, un groupe d’études 
critiques a été installé pour la détermination des formes critiques 
et des concentrations des divers matériaux de fission renfermés. 
Le réacteur du sous-marin de base terrestre sera construit sur 
un emplacement adjacent aux usines de Dounreay. 

Le réacteur rapide qui est décrit en détail dans ce numéro est 
constitué essentiellement par un noyau en uranium enrichi de 
53,5 cm. de diamétre par 53,5 cm. de haut composé de 350-400 
tiges enrobées de niobium "suspendues dans un pot en acier 
inoxydable qui contient lV’alliage le médium 
primaire d’échangeur de chaleur. Le contréle est — en 
déplagant les groupes d’éléments dans ou hors du volume du 
noyau; des actuateurs opérent dans le métal liquide. On peut 
accéder au noyau a l'aide d’un systéme de protecteurs excen- 
triques montés sur des coussinets liquides. Si c’est nécessaire 
Vensemble du récipient du noyau peut étre retiré. Dans le 
récipient en acier inoxydable et accessible a travers les protec- 
teurs se trouve aussi la couverture en uranium naturel dans 
laquelle le plutonium est converti. Approximativement 1/10éme 
de la puissance totale (qui est évaluée a 60 MW) est produite 
dans la couverture du convertisseur. A l’extérieur de la cuve 
en acier on utilise du carbon® boré comme protection primaire, 
le protecteur biologique final étant en béton. 

Les échangeurs primaires de chaleur (métal-d-métal) sont 
essentiellement de construction en tubes concentriques etton 
emploie partout de l’acier inoxydable comme matériel. Ces 
tubes sont disposés en 12 paires placées a peu prés radialement 
autour du noyau et al intérieur de la voiite en béton. L’ ensemble 
du systéme est contenu dans une sphére en acier de 41,2 métres 
de diamétre établie pour donner une protection compléte de 
+18 p.s.i. —3 p.s.i. par rapport a l’'atmosphere. Le refroidis- 
seur secondaire est amené a travers le fond de la sphére de 
renfermement du systéme, l’échangeur secondaire de chaleur 
étant construit en tubes d’acier inoxydable disposés paralléle- 
ment et joints thermiquement par des laminages transversales 
en cuivre. Le refroidissant tertiaire (eau) peut étre transformé 
en vapeur ou conservé sous forme d’eau, ceci dépendant des 
conditions de fonctionnement. La chaleur peut étre dispersée 
soit par production d’énergie électrique, soit dans des échangeurs 
de chaleur @ eau de mer ou a l’atmosphere. 


Dounyeay 

Die Werke der United Kingdom Atomic Energy Authority 
(Gruppe “* Industrie”) sind in der Né&he von Thurso in Nord- 
Ost Schottland gelegen. Die gegenwartigen Werke bestehen aus 
dem experimentellen schnellen Reaktor, dem Reaktor zur Priifung 
von Werkstoffen, der im Friihherbst des Jahres in Betrieb 
genommen werden soll, dem Werk zur Herstellung von Brennstoff- 
Patronen und zum Vorbereiten des Brennstoffs, um den Anfor- 
derungen eines Reaktors zu entsprechen, der mit stark angereich- 
ertem Brennstoff arbeiten soll, ferner aus den Laboratorien und 
anderen Anlagen fiir grundlegende Forschungs-Arbeiten, ins- 
besondere, was das Verhalten von Werkstoffen unter intensiver 
Bestrahlung betrifft. Ausserdem ist eine Gruppe fiir “ kritische 
Grésse”’ gebildet worden, die die kritischen Formen und 
Konzentrationen der verschiedenen Spaltungs-Materialien im 
Kern bestimmen soll. Der Unterseeboot-Reaktor, der fiir 
Versuche, die auf dem Land vorgenommen werden, konstruiert 
ist, wird auf einem Gelidnde neben den Werken von Dounreay 
errichtet. 

Der schnelle Reaktor der im Einzelnen in dem vorliegenden 
Heft beschrieben wird, besteht im wesentlichen aus einem 
angereicherten Uran-Kern von 53,5 cm Durchmesser bei einer 
Hohe von ebenfalls 53,5 cm und ist aus 350-400 mit Niobi 


zum Kern wird durch ein System von exzentrischen Schutzplatten, 
die in Filiissigkeits-Lagern montiert sind, ermdéglicht. Wenn 
erforderlich, kann der Kernbehdilter als Ganzes entfernt werden. 
In dem Behdilter aus rostfreiem Stahl und ebenfalls durch die 
Schutzplatten zugdnglich befindet sich die Abdeckschicht von 
natiirlichem Uran, in dem die Umwandelung in Plutonium 
erfolgt. Ungefaihr 1/10 der Gesamtleistung (die auf 60 MW 
festgelegt ist) wird in der Umwandlungs-Deckschicht erzeugt. 
Der Stahlbehdilter ist nach aussen mit einer Schicht Bor-Graphit 
als primdre Schutzschicht abgedeckt, den Abschluss bildet 
Beton, der als biologische Schutzschicht dient. 

Die primdren Wédrme-Austauscher (Metall-Metall) sind im 
wesentlichen aus konzentrischen Rohren konstruiert, wobei als 
Material durchweg rostfreier Stahl verwendet ist. Die Rohre sind 
in 12 Paaren anndhernd radial um den Kern herum und innerhalb 
des Betongewélbes angeordnet. Das gesamte System ist in 
einer Stahl-Kugel von 41,2 m Durchmesser enthalten, die so 
entworfen ist, dass sie vollen Schutz von 18 p.s.i. (1,27 kg/cm?) 
= 3 p.s.i. (0,211 kg/cm?) gewdahrleistet bezogen auf die Atmos- 
phdre. 

Das sekunddre Kiihlmittel wird durch den Boden der Abschluss- 
Kugel eingeleitet; der sekunddre Wdarme-Austauscher ist aus 
parallelen rostfreien Stahlrohren konstruiert, die durch diinne 
quer angeordnete Kupferplatten zur Warme-Verteilung verbunden 
sind. Das tertidre Kiihmittel (Wasser) kann in Dampf ver- 
wandelt werden oder Wasser verbleiben, je nach den Betriebs- 
bedingungen. Die Wdarme kann entweder in elektrische Kraft 
umgesetzt werden, oder in Seewasser-Wdarme-Austauschern 
oder zur Atmosphdre abgeleitet werden. 


Dounreay 

En un sitio cerca de Thurso en el Noreste de Escocia estan 
localizadas las obras de Dounreay de la Autoridad de Energia 
Atémica del Reino Unido (Grupo Industrial). La _ central 
actualmente incluye el experimento del reactor rapido, el reactor 
de ensayado de materiales que debe entrar en funcionamiento en 
los primeros dias del Otofio de este aio, planta de fabricacién 
de elementos de combustible y de procesado de combustible 
para servir las demandas de reactores que exigen combustible 
altamente enriquecido y también laboratorios y facilidades para 
labores fundamentales de investigacién, notablemente en el 
comportamiento de materiales sujetos a irradiacién intensa. 
Ademas, un grupo de “ criticalidad”’ ha sido formado para la 
determinacion de formas y concentraciones criticas de diversos 
materiales fisionables contenidos. El reactor para submarino 
basado en tierra sera construido en un sitio adyacente a las obras 
de Dounreay. 

El reactor rapido que se describe en detalle en este nimero 
consiste esencialmente de un nucleo de uranio enriquecido de 
53,5 cm. de didmetro por 53,5 cm. de alto, confeccionado de 
350-400 varillas revestidas de niobio suspendidas en un recipiente 
de acero inoxidable que contiene aleacién de potasio de sodio— 
el medio primario de cambiador de calor. El control se hace 
mediante grupos moviles de elementos dentro o fuera del volumen 
del nucleo; los actuadores operan en el metal liquido. El acceso 
al nucleo puede hacerse a través de un sistema de protectores 
excéntricos montados sobre soportes liquidos. Si es necesario, 
se puede quitar el recipiente del nucleo completo. También en 
el recipiente de acero inoxidable y accesible a través de los 
protectores esta la frazada de uranio natural en la cual se con- 
vierte el plutonio. Aproximadamente 1/10a. parte de la energia 
total (que se calcula vaa ser de 60 MW) se genera en la frazada 
convertidora. Fuera del tanque de acero se usa carbono boratado 
como proteccion primaria, siendo que la proteccion final biolégica 
es de hormigon. 

Los cambiadores primarios de calor (metal a metal) son 
esencial de construccién de tubo concéntrico y el material 
empleado en todas partes es de acero inoxidable. Estos estan 
dispuestos en 12 pares casi radialmente alrededor del nucleo y 
dentro de la béveda de hormigén. El sistemo completo esta 
contenido en una esfera de acero de 41,2 m. de didmetro disefiado 
para ofrecer proteccién completa desde +18 p.s.i. hasta —3 
p.s.i. en relacién a la atmosférica. El refrigerante secundario 
se toma a través del fondo de la esfera de contencién siendo que 


verkleideten Stangen aufgebaut, die in einem Topf aus rostfreiem 
Stahl hdngen, der eine Natrium-Kalium Legierung—als primdres 
Wéarme-Uebertragungsmittel fiir den 
Die Regulierung erfolgt durch die Bewegung von Gruppen von 
Elementen in den Kern hinein oder aus ihm heraus; die Betati- 
gungs-Mechanismen arbeiten im fliissigen Metall. Der Zugang 


el cambiador secundario de calor esta construido de tubos paralelos 
de acero inoxidable térmicamente ligados por laminaciones 
transversales de cobre. El refrigerante terciario (agua) puede 
ser convertido en vapor o quedar como agua segin las condiciones 
de operacién. El calor puede ser dispersado ya sea mediante 
generacion eléctrica, cambiadores de calor de agua de mar o 
a la atmésfera. 
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Civil Engineering 


i ine buildings forming the fast reactor group, in addition 
to the actual sphere structure, are as follows:— 

Reactor Admin. Building containing the control room, 
offices, laboratories and workshops. It is a steel framed 
building on three floors, asbestos cement clad, with purpose- 
made metal windows, steel deck roofing and, with certain 
exceptions, pre-cast concrete floors. 

Active Element Store, providing facilities for handling the 
reactor elements both before and after they are used in the 
sphere and incorporates a pond which houses these 
elements after discharge from the reactor. A sodium 
stripping area is provided for dealing with contaminated 
equipment. The building is connected to the sphere by the 
airlock. 


Lower portion of the sea-water pump house under construction. 


Heat Exchanger Building or boiler house, a steel framed 
building 62 ft high containing the heat exchangers. This 
building forms the landward termination of the pipes from 
the Sea Water Pump House. 

Diesel Generator Building, a steel framed building con- 
taining the diesel generating sets which supply power to 
the Fast Reactor. 

The Link Building. This, located between the heat 
exchanger and the diesel generator buildings, is partly steel- 
framed and partly reinforced concrete framed, and houses 
the switch room, battery room, workshop, offices and 
change rooms. 

Turbine Hall. At present in the design stage, this is a 
steel-framed two storey building 46 ft high which forms a 
northward continuation of the Heat Exchanger Building. 
It contains one turbo-alternator set. 

The Sea Water Pump House. This building, which was 
designed by Sir William Halcrow & Partners, is, in many 
ways remarkable. Situated on the foreshore behind a low 
rock barrier, it consists of a cellular reinforced concrete 
building 60 ft square and over 80 ft high, housing a series 
of pumps capable of circulating some 50 million gallons of 
water per day. The lower part consists of a stilling 
chamber fitted with coarse and fine screens by Brackett of 
Colchester. This chamber is connected to the open sea by 
a Zig-zag channel 400 ft long, 20 ft wide and an average 
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The Heat Exchanger building. 


of 25 ft deep, which terminates 150 ft beyond low-water 
mark in some 20 ft of water. 

Four pumps are installed, manufactured by Gwynnes 
Pumps Ltd. They are of the horizontal (vertical shaft) 
centrifugal type and operate submerged, being driven 
through right angle gearboxes supplied by David Brown 
Ltd., each pump powered by a 320 h.p. Crossley diesel 
through Twiflex automatic clutches. Each unit has a 
capacity of 500,000 gal/h and provision is made for a fifth 
set at a later date. 

The sea water is pumped to the heat exchanger building 
through a pair of 39 in. dia. steel pipes, and is discharged 
to a submerged outfall, giving a syphonic action and 
reducing the required pumping head. 

Although the foundations of the pump house are 20 ft 
below o.d., and some 3,500 cu yd of rock had to be 
excavated and about 2,000 cu yd of reinforced concrete 
were used in the construction, only the small penthouse will 
be visible above general ground level. In the construction 
of the intake channel, not yet completed, 13,000 cu yd 
of rock have to be removed in the teeth of the storms of 
the Pentland Firth. A large amount of under-water drilling 


The active element storage pond under construction. 
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and _ blasting has been necessary, by divers who have 
extreme difficulty in standing on their feet in the almost 
constant on-shore swell. Needless to say, in such an 
exposed situation progress has been subject to an appreci- 


Eleetrical 


AS may be imagined, the absolute necessity of preventing 

even a short power failure has resulted in a very 
elaborate system of supplysto the various sections of the 
fast reactor. 

Grid supply for the whole of the Dounreay site is taken 
at 33 kV and primary distribution is at 11 kV via separate 
substations all equipped with Reyrolle switchgear. 

The fast reactor substation distributes power for circuits 
classed as “ factory services” at 415 V 3 ph, through two 
1000 kVA transformers. Six 220 kW Bruce Peebles 
alternators driven by Crossley diesels are being provided 
for standby supplies at 415 V. From the 415 V busbar 
supplies are also taken via transformers and rectifiers to 
feed a 240 V d.c. system to which a floating battery gives 
a standby supply: this system feeds 10 kW _ motor- 
alternators generating at 110 V 3 ph for control equipment 


June, 1957 


able extent to the vagaries of the weather, to occasional 
flooding and immobilization of the derrick cranes. 
Whatlings Ltd. were the main contractors for the work 
involved. 


Equipment 


and 30 kVA motor-alternators giving a supply at 110 V 
single ph for instruments. A further supply at 50 V dic. 
is also provided for instruments via transformers and 
rectifiers from the 415 V busbar system. 

Power for the electromagnetic pumps in the NaK cooling 
circuits is completely independent of public supplies. The 
24 primary and 12 pairs of secondary pumps are divided 
into groups, each being fed by a completely independent 
cable system from six groups each of three 120 kW diesel 
alternators generating at 415 V 3 ph. Each of the six groups 
has a separate switchboard and one of the three machines 
in each group will act as standby to the other two. 

Control equipment for auxiliary plant was supplied by 
Brookhirst Switchgear Ltd. 

The main electrical contractors for the Dounreay scheme 
are James Scott and Co. Ltd. 


PROVISIONAL LIST OF CONTRACTORS 
(Fast Reactor Only) 


ACCLES AND POLLOCK, LTD., Oldbury, Birmingham 
Fuel-element cans. 

ARENS CONTROLS LTD., Tunstall Road, Croydon, Surrey 
Window mechanism in sea-water pumphouse. 

J. BLAKEBOROUGH AND SONS LTD., Brighouse, Yorkshire 
Diaphragm control valves. 

F. W. BRACKETT AND CO. LTD., Hythe Bridge tronworks, Colchester 
Screens for sea-water pumphouse. 

BROOKHIRST SWITCHGEAR LTD., Chester 
Auxiliary switchgear. 

DAVID BROWN AND SONS LTD., Park Gear Works, Huddersfield 
Gearboxes for sea-water pump drives. 

G. W. BRUCE LTD., Aberdeen 
Precast floors and roofs. 

BRUCE PEEBLES LTD., Edinburgh 
Alternators. 

BRUSH ELECTRICAL ENGINEERING CO. LTD., Loughborough 
Motor alternator frequency changer. 

CAPE ASBESTOS CO. LTD., 114 Park Street, London, W.1. 
** Rocksil ’’ insulation for heat exchangers. 

J. H. CARRUTHERS AND CO. LTD., 27 Hamilton Street, Glasgow, S.2. 
Crane for sphere. 

COSTAIN-JOHN BROWN LTD., 73 South Audley Street, London, W.1. 
Installation, testing, calibration and commissioning of instrument panels. 

CROSSLEY BROS. LTD., Openshaw, Manchester, 11. 
Diesel generating plant. 

ENGLISH ELECTRIC CO. LTD., Stafford 
Electro-magnetic pumps. 

EVERSHED AND VIGNOLES LTD., Acton Lane Works, London, W.4. 
Level transmitters and indicators. 

ALEX FINDLAY AND CO. LTD., Motherwell, Lanarkshire 
Structural steelwork. 

GENERAL ELECTRIC CO., LTD., Magnet House, Kingsway, London, W.C.2. 
Turbo alternator and associated equipment. 

GLENFIELD AND KENNEDY LTD., Kilmarnock 
Electrically operated valves. 

GWYNNES PUMPS LTD., Chancellor’s Road, London, W.6. 
Sea-water pumps. 

MATTHEW HALL LTD., 26 Dorset Square, London, N.W.1. 
Steam main, compressed air main and condensate runs. Heating, hot water 
supplies, mechanical ventilation, steam systems. 

H. HARGREAVES AND SONS LTD., Cook Street, Bury, Lancs. 
Vault insulation equipment and ducting. 

HAYWARD, TYLER AND CO. LTD., Luton, Beds. 
Circulating pumps. 

HICK HARGREAVES AND CO. LTD., Soho Iron Works, Bolton, Lancs. 
Feed-water de-aerators. 

HOPKINSONS LTD., Britannia Works, Huddersfield 
Valves and boiler mountings. 


INTERNATIONAL COMBUSTION (Nuclear Applications) LTD., Derby 
Transit flasks. 

LAURENCE SCOTT AND ELBCTROMETERS LTD., Gothic Works, Norwich 
Motor alternator equipment. 

P. AND W. MACLELLAN LTD., Glasgow 
Stop gates for sea-water channel. 

MORGAN CRUCIBLE CO. LTD. 

Borated graphite. 

MOTHERWELL BRIDGE AND ENGINEERING CO. LTD., Motherwell 
Sphere, airlock tunnel, personnel and emergency access coors, airlock doors. 

MUREX WELDING PROCESSES LTD., Waltham Cross, Herts. 

** Fortrex 35°’ electrodes for sphere. ‘* Nicrex *’ stainless steel electrodes 
for reactor vessel. 

MUSGRAVE AND CO. LTD., St. Anns Works, Belfast 
Air and nitrogen blowers. 

QUASI-ARC CO. LTD., Bilston, Staffs 
Automatic welding electrodes. 

A. REYROLLE AND CO. LTD., Hebburn, Newcastle upon Tyne 
Main switchgear for complete distribution scheme. 

RUBEROID LTD., 1 New Oxford Street, London, W..C.1. 

Steel roof decking and bituminous felt roofing. . 

JAMES SCOTT AND CO. LTD., Glasgow 
Main electrical contractors. 

SERCK RADIATORS LTD., Warwick Road, Birmingham, 11. 

Sea-water heat exchangers. 

SIMMONDS AEROCESSORIES LTD., Treforest, Pontypridd, Glamorgan 
Control-rod position indicators. 

STRACHAN AND HENSHAW LTD., Steelhoist Works, St. Phillips, Bristol, 2. 
Mechanism for airlock doors. Charge and discharge machine. 

ALEX. SUTHERLAND LTD., Thurso, Scotland 
Exploratory digging and blasting, construction of new. outfall and water 
supply from Loch Saorach. 

TALBOT STEAD TUBE CO. LTD., Walsall, Staffs. 

Stainless steel tube, pressings, and fabrication. Raschig rings for cold traps 

WILLIAM TAWSE LTD., Angusfield, Aberdeen 
Site works and drainage; Thurso staff housing; Tarmacadam roads. 

THERMO ENGINEERS LTD., Africa House, Kingsway, London, W.C.2. 
Air/oil and nitrogen/oil heat exchangers. 

THERMOTANK LTD., Helen Street, Govan, Glasgow, S.W.1. 

Air and nitrogen ducts; de-humidification plant for sphere. 

JOHN THOMPSON WATER TUBE BOILERS LTD., Wolverhampton, Staffs 
Main contractors for all heat exchanger plant, also associated steam and 
water equipment. Stainless steel vessel for reactor. 

JOHN THOMPSON-KENNICOTT LTD., Wolverhampton, Staffs. 

Feed-water treatment plant. 

VACU-BLAST LTD., Slough Trading Estate 
Equipmer, for shot blasting sphere. 

G. AND J. WEIR LTD., Holm Foundry, Cathcart, Glasgow 
Boiler feed pumps. 

WHATLINGS LTD., 10 Woodside Crescent, Glasgow, C.3. 

Main building and civil engineering work. 
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LIDO—Measurement 


and Control 


This article gives a general description of the instrumentation and control of the 
LIDO reactor at Harwell, and discusses the safety circuits and interlocks. 


__ is a research reactor of the swimming-pool type 
which has been constructed at A.E.R.E. Harwell for 
the experimental investigation of shielding materials, The 
reactor building consists of a large hall with office and 
workshop accommodation, the principal feature of which 
is the concrete reactor tank. Rails mounted longitudinally 
on the top edge of the tank carry a double trolley to enable 
the reactor core to be moved to any position in the tank. 
A plan view of the main hall and reactor tank is shown 
in Fig. 1. The reactor itself consists of a small lattice of 
enriched uranium fuel elements immersed to a depth of 
approximately 17 feet in de-mineralized water which acts 
as moderator, coolant and part of the biological shield. 
It has a nominal maximum operating power of 100 kW 
at which power the neutron flux is approximately 
10"n/cm?-sec. The water is contained in a rectangular 
tank 27 ft 8 in. by 8 ft by 23 ft deep which has a small 
shut-down bay at one end fitted with a watertight door so 
that the reactor core can be enclosed while the main body 
of the tank is drained. 

By means of two motorized trolleys, the reactor core can 
be moved to any required position in the tank. Hand drives 
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are provided for accurately positioning the reactor and for 
moving it into the shut-down bay. The experimental 
facilities consist of two large aluminium panels which 
replace the shielding at the end and along two-thirds of one 
side of the tank. Three small holes are provided on the 
other side of the tank through which project aluminium 
cylinders enabling the reactor to be brought almost into 
contact with the end of the cylinders. Thus experiments 
can be set up outside the tank, or alternatively, structures 
can be immersed within it. 

Reactor power is controlled by a coarse control rod 
having a control capacity of 2%dk and a fine control rod 
with a capacity of 0.5%6k. Two safety rods with a 2% 
control capacity are also provided. Each control rod can 
be moved vertically in the core by a long aluminium tube. 
Drive is by means of an electric motor and a reduction 
gearbox and is transmitted to the rod by means of a rack 
and pinion. A magnetic clutch enables the rods to fall 
freely into the core for shut-down purposes. The reactor 
core and control instruments, gearboxes and cables are all 
mounted on the one trolley so that control cabling is not 
subject to movement. 
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Plan view of main hall and reactor tank. 
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Control Panel 

The reactor control panel consists of six bays of standard 
racks, each 6 ft high. It houses all the reactor control 
instruments, the operating switches for control rods and 
trolley movement and also the relay panel which holds the 
safety and interlock circuits. All units are fitted with 19-in. 
wide panels with plug and socket connections at the back. 
The layout of the instrument rack is shown in Fig. 2, the 
operating position being at the right, whilst a retractable 
table extends across the end three bays for the convenience 
of the operator. The space below the table houses equip- 
ment such as power units and the fine rod servo amplifier 
which have no controls. The racks above the table contain 
recorders and indicators for all important control quantities 
and also the most frequently used control switches. The 
topmost panels carry warning lamps to indicate the state 
of the many warning and shut-down circuits associated 
with the reactor. 

The two bays immediately to the left of the operating 
position house the relay panel, the less frequently used 
control switches and the electronic instruments associated 
with the measurement of neutron flux and temperature. 
The gamma radiation monitor for the trolley is contained 
in the fifth bay. 

The sixth bay is intended to hold special experimental 
equipment and, initially, this bay housed a sub-critical flux 
measuring channel for use during core loading operations. 
This equipment, together with the primary element, can 
readily be removed to make room for special instruments 
to suit the work in hand. 


Measurement Channels 

In addition to making the measurements required, each 
channel is provided with built-in test facilities. These enable 
routine checks to be carried out with a minimum of 
interference to normal operation, and are sufficient to detect 
any deterioration in performance before this impairs the 
accuracy of the measurements. For safety reasons no 
maintenance should be carried out on equipment installed 
in the rack. 

Block diagrams of the measuring channels are shown in 
Fig. 3 and the descriptions are as follows. 


Low Power Flux Measuring Channel. This channel 
covers a power range from 3 mW to 10 W and is provided 
for use during the initial stages of bringing the reactor up 
to power. 

The primary element is a uranium fission chamber housed, 
together with its head amplifier, in a stainless steel case 
and provided with a motor-driven mechanism to remove 
the assembly from the high flux region when the power is 
taken above 10W. The fission chamber is connected to the 
head amplifier by a 40-in. length of rigid co-axial lead, the 
two units being supported from the top flange of the case 
and insulated at all other points. Polythene insulating rings 
are used to space the fission chamber from the steel tube 
which encloses it. The production of spurious pulses, due 
to “earth loops” and possible variations in contact 
resistance, is prevented by this form of construction. 

Fig. 4 shows the amplifier and primary elements removed 
from the case with the fission chamber unit to the left of 
the amplifier. This amplifier was specially designed to 
operate 15 ft below water level, electrical connections being 
made by four cables enclosed in one waterproof sheath. 
Output pulses from the head amplifier are passed to a 
conventional pulse counting channel consisting of a linear 
amplifier, discriminator and logarithmic ratemeter scaled in 
counts per second. A duplicate meter, scaled in milliwatts 
reactor power is provided at the operating position. Trip 
facilities are included in the ratemeter circuit and these 
automatically shut down the reactor if the indicated power 
is less than 3 mW or greater than a pre-set level between 
10 mW and 10 W. The low-power trip guards against instru- 
ment failure which would leave the reactor without adequate 
instrumentation. The high-power trip prevents a rise in 
reactor power and radiation damage to the primary 
element. When the fission chamber assembly is raised by 
closing the motor control switch on the main panel, this 
shut-down circuit is automatically by-passed and the start-up 
procedure may be continued. 

Provision is made for measuring the charge sensitivity of 
the complete channel by feeding test pulses into the input 
circuit of the head amplifier. A pulse generator is 
permanently installed in the rack so that the state of the 
whole channel can be checked. These provisions indicate 
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Fig. 2A. (Right) General view of control panel. 


Fig. 3. (Below) Block diagrams of measuring channels. 
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when maintenance is necessary and other built-in test 
facilities assist diagnosis of faults in the scaling and rate- 
meter circuits. 


Sub-critical Flux Measuring Channel. This channel is 
identical to the low-power channel except that the primary 
element is a 12EB40-BF, counter tube and a scaler is 
provided. Neutron flux levels between 3 n/cm?-sec to about 
5000 n/cm?-sec can be measured. A simple hand windlass 
is provided for raising and lowering the counter assembly 
which can be completely removed from the reactor tank 
when it is not required. No connections to the reactor 
safety circuit are made from this channel. 
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Mean Current Logarithmic Flux Measuring Channel. On 
the low-power pulse-counting channel the count rate with 
a power of 10 W is approximately 100,000 p/sec and the 
accuracy is poor due to statistical errors. 

At power levels above 10 W, reactor power is indicated 
by a mean current ionization chamber in conjunction with 
a logarithmic d.c. amplifier, the range extending from 1.5 W 
to 150 kW. This provides a decade overlap with the low- 
power channel so that no discontinuity in the power 
measurement occurs when the fission chamber is with- 
drawn. The logarithmic amplifier drives a recorder having 
a logarithmic scale extending to above the normal maximum 
power of 100 kW. A measurement of reactor period, which 
includes a trip circuit, can initiate shut-down of the reactor 
if the doubling time is less than a preset value adjustable 
between 12.5 sec and 5 sec. All these functions are 
performed by a Type RC2 ionization chamber and an 
A.E.R.E, Reactor Period Meter Type 1389A. 


The accuracy of this channel is approximately +10% 
and is adequate for reactor control purposes and an indica- 
tion of reactor doubling time is an invaluable guide when 
the power is being changed. The nature of the work with 
this reactor, however, demands a more accurate measure- 
ment of power when the operational level has been reached 
and a multi-range linear channel provides this facility. 


Accurate Miulti-range Power and Power Deviation 
Measurement. This channel provides a measurement of 
neutron flux over four decade ranges which correspond to 
full-scale power levels from 150 W to 150 kW. 

Using this equipment it is possible to repeat accurately 
the reactor power used for a series of experiments so that 
different shielding materials can be compared. The long- 
term stability and repeatable accuracy of this channel is 
about 0.1% of full scale except on the 150 W range which, 


Fig. 4. Low-power flux measuring channel amplifier and 
primary elements removed from case. 


using a carbon resistor for the ionization chamber load, has 
a stability of 1%. 

Normally, separate ionization chambers and amplifiers 
are used to provide power and power error measurements. 
Due, however, to the restricted space around the reactor 
core only one ionization chamber could be used, and a 
special instrument was designed for this purpose. The drift 
inherent in simple d.c. amplifiers is too great to permit 
the desired accuracy to be achieved and chopper-type drift 
correction amplifiers are used with these circuits to provide 
the necessary stability. Fig. 5 shows a schematic diagram 
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Fig. 5. Schematic diagram of power 
and deviation measurement. 
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of the complete instrument. The first amplifier produces a 
signal proportional to power, the appropriate decade range 
being selected by switching the input resistor which forms 
the ionization chamber load. The ionization chamber 
current corresponding to 150 kW is approximately 30 1A 
and the amplifier gain is adjusted to give 15 V full-scale 
deflection on each range. This signal operates the power 
recorder and also the deviation section of the instrument. 
Due to the high forward gain and large feedback factor, 
the input to the deviation amplifier may be regarded as a 
“ virtual earth” and the algebraic sum of the currents at E 
must be zero. The current in R, is a constant 1 mA, 
obtained from a negative neon stabilized reference supply, 
whilst the current in R, depends on the value of Ry and 


the output from the power amplifier. |The “ demanded 
power” switches control the value of R, and therefore set 
the value of the power signal voltage which drives a current 
of 1 mA into the junction E. Any difference between these 
two currents will flow out of junction E through the resistor 
R, and the output voltage from the amplifier will then be 
determined by the potential difference across this resistor. 
When the current in Ry is equal to 1 mA no current flows 
in Ry and the output from the deviation amplifier is zero, 
i.e., the power is at the demanded level. The deviation 
amplifier with a low impedance output and a full-scale 
voltage of +10 V drives a pen recorder calibrated to 
+5% of deviation from demanded power. The action of 
the drift-correction amplifiers is to reduce changes at the 


Instrumentation du Réacteur LIDO 


LIDO est un réacteur du type piscine qui a été construit a 
A.E.R.E., Harwell, pour la recherche expérimentale des 
matériaux de protection. La puissance maximum opératoire est 
de 100 kW correspondant a un flux de neutron thermique 
denviron 10!2n/cm?-sec. La puissance du réacteur est contrélée 
par une tige de contréle grossier ayant une capacité de 2% 3k et 
une tige de contréle fin ayant une capacité de 0,5% 8k. Ilya 
également deux tiges de sécurité avec une capacité de controle 
de 2%. Les tiges se déplacent verticalement dans le noyau et 
sont entrainées par un moteur électrique par l’intermédiaire d’une 
boite de réduction de vitesse, montés sur un chariot, qui supporte 
également le cadre du noyau principal. 

L’instrumentation livrée par Ericcson Telephones Ltd. peut étre 
divisée en quatre groupes principaux. Le premier comprend 
un canal a flux de basse puissance couvrant la gamme de 3 mW 
a10 W destiné a étre utilisé pendant la mise en marche du 
réacteur et un canal de mesure du flux sous-critique également 
pour travail a faible puissance, la différence étant que le premier 
utilise une chambre de fission comme élément primaire et le 
second un compteur 12 EB40-BF,. Un systéme de chambre 
d@ ionisation couvre la gamme de 1,5 W a 150 kW et un troisiéme 
systéme donne un niveau de puissance correct et un mouvement 
de déviation de puissance sur la gamme de 150 W a 150 kW. 
L’arrét automatique a des niveaux de puissance excessifs est 
obtenu par des circuits indépendants. 


Die Instrumente im Reaktorwerk LIDO 


LIDO ist ein Reaktor vom Typ der mit dem Kern im Fliissig- 
keitsbad arbeitenden Reaktoren, der von der A.E.R.E. (Atomkraft- 
Forschungs-Institut) in Harwell zur  experimentellen Unter- 
suchung von Schutzmaterialien errichtet worden ist. Die 
maximale Betriebsleistung ist 100 kW, was einem thermischen 
Neutronenfluss von ungefahr 10"n/cm?-sec. entspricht. Die 
Reaktorleistung wird mittels einer Regulierstange fiir die Grob- 
Regulierung mit einer Kapazitadt von 2°% 8k und einer Regulier- 
stange fiir die Fein-Regulierung mit einer Kapazitdt von 0.5% 8k 
reguliert. Ferner sind zwei Sicherheitsstangen mit einer 
Regulierungs-Kapazitdt von weiteren vorgesehen. Die 
Stangen bewegen sich senkrecht in dem Kern und werden von 
einem Elektromotor iiber ein Reduzier-Getriebe von einem 
Laufwagen aus angetrieben, der gleichfalls als Unterstiitzung fiir 
das Haupt-Kerngeriist dient. 


Die Instrumente, die von der Ericcson Telephones Ltd. geliefert 
wurden, kénnen in vier Hauptgruppen unterteilt werden. Die erste 
besteht aus einem Kanal mit geringem Kraftfluss, der den Bereich 
von 3 mW bis zu 10 W umfasst und wahrend der Startperiode 
des Reaktors benutzt wird, und einem Kanal zum Messen 
des Flusses unterhalb des kritischen Punktes, der gleichfalls fiir 
den Betrieb mit niedriger Leistung verwendet wird, wobei der 
Unterschied der ist, dass der erste Kanal eine Spaltungskammer 
als primdres Element benutzt, wadhrend der zweite mit einem 
Zihler des Typs 12 EB40-BF, arbeitet. Ein System von 
Instrumenten mit Ionisations-Kammern umfasst den Bereich von 
1,5 W bis 150 kW, und ein drittes System gibt genaue Angaben 
iiber die jeweilige eingehaltene Leistung und die Abweichungen 
in der Leistung im Bereich von 150 W bis 150 kW. Unabhdngige 
Stromkreise sorgen fiir automatisches Abschalten, sobald die 
einzuhaltenden Leistungen iiberschritten werden. 


Instrumentacion del Reactor LIDO 


LIDO es un reactor del tipo de piscina de natacién que ha sido 
construido en A.E.R.E., Harwell, para la investigacién experi- 
mental de materiales de proteccién. La potencia maxima de 
operacion es de 100 kW., correspondiendo a un flujo neutrénico 
térmico de aproximadamente 10"n/cm? por segundo. La 
potencia del reactor esta controlada por una varilla de control 
tosco con una capacidad del 2°% 8k y una varilla de control 
preciso con una capacidad del 0,5°% 8k. También se proveen 
dos varillas de seguridad con una capacidad de control del 2%. 
Las varillas se mueven verticalmente en el nucleo y son impulsados 
por un motor eléctrico a través de una caja de engranaje de 
reduccion desde un trole que también soporta el bastidor principal 
del niicleo. 

La instrumentacién suministrada por Ericcson Telephones 
Ltd., puede ser dividida en cuatro grupos principales. El 
primer grupo comprende un canal de flujo de baja potencia 
cubriendo la gama desde 3 mW hasta 10W provista para empleo 
durante la puesta en marcha del reactor y un canal de medicién 
de flujo sub-critico también para trabajo de baja potencia, siendo 
la diferencia que el primero utiliza una camara de fisién como 
elemento primario y el segundo un contador de 12 EB40-BF;. 
Un sistema de camara de ionizacién cubre la gama desde 1,5 W 
hasta 150 kW y un tercer sistema ofrece un nivel de potencia 
exacto y movimiento de desvio de potencia sobre la gama 150 W 
a 150 kW. Circuitos independientes proveen parada auto- 
matica a niveles de potencia excesivos. 
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input grid by a factor equal to the d.c. to d.c. gain. One 
pole of a double-pole synchronous converter is used to 
modulate the d.c. signal at the grid of the d.c. amplifier, and 
the other pole is used to rectify the a.c. signal after amplifica- 
tion. The complete amplifier has an effective d.c. loop gain 
of 10’. 

An important refinement of this amplifier is the provision 
of a small offset voltage to ensure that in the event of failure 
of either of the drift correction amplifiers a +5% deviation 
is indicated. This ensures that failure will result in a safe 
reading, higher than the true value, which would cause the 
operator to reduce the reactor power rather than increase it. 

Built-in test facilities mounted on the rear panel of the 
instrument enable periodic checks of the open loop gain of 
the d.c. amplifier and the drift stabilization factor to be 
measured. It is thus possible to carry out a rapid check 
of the serviceability of the amplifier for maintenance 
purposes. 


Shut-down Channels. To provide automatic shut-down 
at excess power level, the reactor has two identical and 
independent channels which consist of an RC2 ion chamber 
and a shut-down amplifier. These will initiate shut-down 
action if the power level exceeds a preset value between 
25 kW and 250 kW. Meters on the units indicate the 
increase in power which would be necessary to cause shut- 
down. Two channels are provided to guard against the 
failure of one. 


Water Temperature Measurement. The reactor is cooled 
by the natural convection of water through the fuel element 
lattice, and thermocouples are provided to measure the 


General view of 
relay panel. 


temperature of the water as it enters and leaves the reactor 
core. Two inlet thermocouples are fitted to the bottom 
plate of the core and the corresponding temperatures are 
indicated on one potentiometric indicator having a selector 
switch. The outlet temperature is measured by two thermo- 
couples suspended above the fuel elements which feed 
Separate indicators scaled 0°-120° C. In the event of 
instrument failure or breaking of the thermocouple circuit 
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Warning indicator panel unit. 


the indicators give full-scale deflection and switches, 
operated by adjustable cams, cause shut-down. Automatic 
shut-down also takes place if the temperature exceeds a 
preset value in the range 60°-120° C. 


Gamma Level Monitors 

To ensure that the gamma radiation is at a safe level in 
all working spaces, both permanent and portable health 
monitors are provided. 

The permanent installation consists of five TPA ion 
chambers mounted round the wall of the building, opposite 
breaks in the biological shield, and a small rack containing 
the five associated amplifiers complete the monitoring 
channels. These provide warning if the level at any point 
exceeds 10 mr/h and automatically shut down the reactor 
if the level exceeds a preset value between 10 mr/h and 
1,000 mr/h. The equipment used is the A.E.R.E. Gamma 
Monitor Type 1458A. The rack also houses two recorders, 
a six-channel instrument which continuously records the 
level at all points, and a high-speed single-channel recorder 
which may be switched to any channel of special interest. 
The signal from the monitor on the reactor trolley is also 
fed to these recorders. 

The portable equipment will generally be located close to 
personnel in the working spaces. The nature of this equip- 
ment will vary with the work in hand, and access to the 
safety circuits is provided at three points on the reactor 
wall so that excess dosage shown on the portable equipment 
can shut down the reactor. Manual shut-down buttons are 
also provided at these points so that a worker in the main 
building can shut down the reactor in case of local 
emergency. 

All connections between these monitors and the relay 
circuits are made by means of extensible cables which allow 
full travel of the trolleys. These cables carry a total of 
56 wires between the main hall and the reactor control 
panel. 

Safety Circuits 

On the LIDO reactor, automatic shut-down circuits and 
control functions are achieved by some 120 relays which 
interpret the signals from control switches. These move 
the trolley, control rods, and fission chamber, safe operating 
procedure being guaranteed by circuit interlocks. 

The more important function of the relay circuits is to 
provide automatic shut-down of the reactor if certain 
measurements fall outside prescribed limits. The reactor 
will also be shut down if certain mechanical conditions in 
the control mechanism are not fulfilled. Associated with 
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Fig. 6. Schematic diagram of safety system. 


this function is the provision of warnings if a number of 
less dangerous conditions arise. Both visible and audible 
warnings are provided for shut-down and the other less 
dangerous conditions. 

A discussion of the complete circuit would be inappro- 
priate here, but a simplified circuit, Fig. 6, shows most of 
the interesting features on the LIDO installation. 

With the aid of this diagram it will be seen that both the 
primary and secondary safety chains must be complete 
before any safety rod can be raised. Each shut-down 
condition, which is represented in the diagram by Instru- 
ment A, has a contact in the primary chain which operates 
the two primary chain relays, PCA and PCB. Both of these 
must be operated before any of the rod clutch magnets 
can be energized. A fault path between one pole of the 
supply and any point in the primary chain will release one 
relay and thus prevent the clutch magnets from being 
energized. The clutch-magnet circuits will only remain 
energized if relay SC is also operated. This relay will 
remain operated only so long as the secondary safety chain 
is complete. This depends on a series of contacts on the 


Power and deviation panel unit. 


secondary relays which in turn depend on a second contact 
in each shut-down condition. 

The secondary relays are operated initially by depressing 
the reset button which completes the coil circuit of the 
relay “A.” The reset relay “ RS” is released by opening 
contacts SC2 which leave relay “ A” operated via the A2 
contacts only. Excess measurement on the instrument 
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releases both its contacts and both primary and secondary 
chains are opened and all control rods are released. If this 
occurs contacts A3 and A4 on relay “ A” change the lamp 
indication from “ Normal” to “Trip.” Separate lamps, 
28 in all, are provided for each shut-down condition so that 
the cause of the shut-down is clearly indicated. When the 
excess is automatically removed by the shut-down action, 
the primary chain is completed but the secondary relay 
“A” remains un-energized until the reset button is 
depressed. 

A by-pass key can be used to deliberately prevent shut- 
down due to instrument “A” by short-circuiting both 
primary and secondary chain contacts. A third contact on 
the key shorts the A2 contact so that when relay “A” is 
released it restores without operating the reset circuit. A 
yellow lamp indicates when the by-pass key is depressed. 
The combination of a yellow and a red lamp indicates that 
the trip level has been exceeded on a by-passed channel. 
By-pass keys are interlocked so that only one shut-down 
amplifier or the reactor doubling-time circuit can be 
by-passed at one time. 

The design of safety circuits, although simple in principle, 
must ensure that any failure will cause shut-down of the 
reactor. This results in a reversal of the usual method of 
using relays. Thus, safety circuits are designed so that in 
the event of any failure of the relay supply voltage, the 
relays will be released to give safe conditions. To over- 
come the dangerous possibility of contacts welding and 
failing to open, two contacts in series on the same relay or 
duplication of relays may be employed. Special attention to 
the arrangement of the springsets on relays is necessary to 
avoid the possibility of a welded contact preventing the 
operation of another contact in the same group. Fig. 7 


WELDED 


(a) 


WELDED 


(b) \ 


Fig. 7. Comparison of relay contact arrangements. 


shows two arrangements of contact springs having the same 
electrical functions, The arrangement (a) is superior because 
the welding of either contact cannot prevent the other 
contact from releasing. In case (b) welding of the “ make” 
contact will prevent both contacts from releasing. 

Automatic shut-down due to any cause is brought about 
by breaking the circuit to the magnetic clutches in the rod- 
drive mechanisms and allowing the rods to fall under 
gravity. Careful design ensures that these mechanisms are 
reliable, but two safety rods are provided either of which 
has sufficient control to shut-down the reactor. In case of 
emergency shut-down, the coarse and fine rods are always 
dropped with the safety rods, giving an additional margin 
of safety. 
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Interlocks 


Three different operating conditions, supervised by the 
safety circuits, may be selected by a three-position master 
switch. The first switch position marked “ Day ” is the only 
position in which the control rods can be raised and the 
reactor operated at power. The second is an overnight 
shut-down position in which both coarse and fine rods are 
dropped and the fission chamber is automatically lowered 
into the measuring position. This leaves the safety rods up, 
dependent upon the instrumentation shut-down circuits 
being “ safe.” In the third switch position marked “ Trolley 
Movement” safety rods are out and control rods in, but 
the reactor trolleys can now be moved. Thus it is not 
possible to move the trolleys while the reactor is operating. 
This would be dangerous if the core were near an experi- 
mental assembly as this may act as either a reflector or 
absorber of neutrons. A sufficiently large change of 


Master selector and maintenance switch panel. 


reactivity due to unforeseen circumstances may cause the 
reactor to become critical and the instrumentation would 
then shut down the reactor. 

Provision is made for operating the safety and control 
rods separately for maintenance purposes when the master 
switch is in the “Trolley Movement” position. These 
operations are interlocked so that only one safety rod may 
be dropped at a time, leaving a margin of safety for unfore- 
seen increases in reactivity. The trolleys cannot be moved 
until the maintenance operations have been completed and 
both safety rods are out and the control rods in. 

The fine rod drive is of interest since it illustrates the type 
of interlock circuits provided to ensure safe operation. The 
rod is driven at a variable speed by a two-phase servo motor 
energized by a high-gain a.c. amplifier. This derives its input 
signal from the difference between voltages from the manual 
control and from a tachometer alternator driven by the 
motor. The servo motor speed is thus self-adjusting so that 
the two voltages are almost equal regardless of load 
Variations. 

The manual control consists of a spring-loaded lever 
which can be moved in either direction to operate two 
potentiometers which give, respectively, upward or down- 
ward movement of the rod. The speed of the motor is 
controlled by the amount of rotation of the lever, 
logarithmic potentiometers being used to allow smooth 
control over a speed ratio which, at the low speed end, 
is 100: 1. 

Movement of the fine rod is prevented unless both safety 


By-pass panel unit. 


rods are raised. The coarse rod cannot be moved until the 
fine rod has been raised approximately two thirds of its 
travel. The fine rod is automatically stopped at this position 
during its first outward stroke after a shut-down has taken 
place. It cannot then be moved until the coarse rod is 
lifted. 

Warning is provided when the rod approaches either the 
fully “in” or fully “ out” position, and the reactor is shut 
down automatically if either of the extreme positions is 
reached. This ensures that the reactor cannot remain 
critical if the fine rod control capacity is not fully effective. 

In order to guard against the possibility of reactivity 
being increased at too great a rate, the coarse and fine 
rods are interlocked so that simultaneous outward move- 
ment of both rods is prevented. This is achieved by a 
polarized relay which operates from the tachometer on 
slow outward movement of the fine rod. Contacts on this 
relay are connected in the coarse rod control circuits to 
stop further outward coarse rod movement. 

The equipment described above is predominantly nuclear 
in character and can be taken as representing the reasonable 
minimum installation for proper control and safety. Power 
producing reactors require only modest additions on the 
nuclear side, but differ markedly from such moderately 
powered research reactors as LIDO in the comprehensive 
instrumentation necessary for monitoring and controlling 
the gas, steam and power circuits. 


Fine control rod position indicators. 
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The 


HANOVER 


Fair 


HE Hanover Trade Fair, housed this 

year on a much improved site, gave an 
exhibition of equipment and machinery 
in a variety not found at any other one 
exhibition in Europe. Products ranging 
from the heaviest lifting machinery and 
building equipment to domestic appliances 
and electronic components were on show; 
this variety of exhibits enables prospective 
customers to inspect equipment designed 
for every facet of production processes 
during one visit to one exhibition. This 
system has obvious advantages over the 
present British method of a multiplicity 
of exhibitions each dealing with a limited 
range of products. The criticism, some- 
times levelled at the Hanover Fair, of 
being “too big for the customers’ feet,” 
is largely invalidated by the excellent 
catalogue prepared by the Fair authori- 
ties. Alphabetical indexing of both firms’ 
names and groups of products ensures 
that a prospective customer can visit the 
exhibits in which he is interested with 
a minimum expenditure of time and 
energy. 

From the point of view of British 
prestige, the impression of the visitor 
to this year’s Fair was again most 
depressing. In an obviously international 
exhibition of several thousand manufac- 
turers the total British representation 
numbered less than fifty exhibitors. Even 
in this small number, many of the 
products were shown by the concern’s 
German representatives without members 
of the British manufacturers’ staff in 
attendance. 

An exception to the general rule was 
provided by the two stands arranged by 
the B.o.T. in co-operation with the A.E.A. 
and N.E.T.A.C. and staffed by personnel 
from the Authority. Both these exhibits 
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A general view 
of one of the 
smaller pavilions 


received a constant flow of visitors and 
the short film show provided on the 
Industrial stand was continually showing 
to a “full-house.” The stand provided 
by the Isotope Division, A.E.R.E., con- 
tained several working models illustrating 
the principles involved in equipment such 
as radiation thickness gauges, level con- 
trollers, etc. A very large number of 
inquiries was received for commercially 
available equipment using applied radia- 
tion techniques; the equipment designed 
for use in the Steel Industry attracted 
great interest as there is apparently no 
comparable instrument available from 
Continental manufacturers. The negligible 
direct commercial representation, how- 
ever, severely limited the usefulness of 
the composite stand. 

From the equipment on view at the 
Fair, it was obvious that considerable 
strides have been made in the design of 
both laboratory and industrial nuclear 
equipment in Germany and other conti- 


At the A.E.A. 
stand. Mr. J. 
Dixon, of the 
Industrial Group, 
Risley, explain- 
ing details to 
pir. F. j. Erroll, 
Parliameintary 
Secretary to the 
Board of Trade. 
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nental countries during the past year. 
Whilst no revolutionary designs were seen, 
the equipment was generally of good 
appearance and tailored to meet most 
users’ requirements. The industrial equip- 
ment, including thickness gauges, level 
gauges, and a package monitor, produced 
by a new company in this field, was pro- 
vided with a minimum number of controls 
for ease of operation by unskilled staff. 
The laboratory equipment was generally 
designed so that a maximum number of 
applications could be covered with a smali 
range of apparatus. A simple and 
inexpensive scaler designed for use in 
technical schools was on show and 
attracted considerable interest in view of 
the policy of including elementary nuclear 
physics in the curriculum at many schools. 
A steady demand for cheap and simple 
personal monitoring devices was also 
noticed. Although a comprehensive range 
of ion chamber and Geiger monitors is 
available for this purpose, many inquiries 
were received for the pocket, quartz-fibre 
dosemeter instrument. A very small 
transistorized pocket charging unit for 
these detectors aroused great interest. 

In spite of the lack of British repre- 
sentation, the general impression gained 
at the Fair was that the Continental buyer 
has a high regard for the quality and per- 
formance of British equipment, and that, 
provided an efficient service scheme is 
obtainable, British manufacturers in the 
isotope applications and instrumentation 
field can compete favourably in the still 
rapidly expanding Continental market. 
The construction of the German reactor 
at Karlsruhe is adding impetus to the 
production of applied radiation equip- 
ment in the country and it would seem 
that, if the market is not to be left entirely 
to the German manufacturers, a real 
effort must be made by British firms in 
this field to show that well-designed and 
proved instruments are available and 
ready for delivery. 
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Mineral Insulated Cables 


B.I.C.C.’s Plant at Prescot 


HERE are many situations in the 

field of nuclear engineering where 
working conditions require electrical 
wiring that is, to all intents and purposes, 
immune to the natural enemies of 
ordinary cable, such as excessive heat, oil, 
moisture, and mechanical damage, and 
the peculiar advantages of mineral insula- 
tion and metal sheathing in these circum- 
stances have been widely recognized for 
a long time. 

By courtesy of British Insulated 
Callender’s Cables, Ltd., it has been 
possible to visit their Prescot works, and 
inspect the manufacturing methods in the 
self-contained factory where these cables 
are being produced on a large scale. 

The idea of a mineral insulated cable 
is not new, a patent having been granted 
to one Arnold Borel, a Swiss engineer, 
in 1895, and cables manufactured by a 
process first developed in France have 
been available since the early 1930s. 
Nevertheless, the manufacturing tech- 
niques developed by B.I.C.C. break new 
ground, notably in the method of filling. 
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diameter than the copper tube, with a 
head that has holes that pass over the 
conductors, to locate them in_ their 
proper position inside the tube, and three 
ribs that are just an easy fit inside the 
tube so that the ram itself is concen- 
trically located. These having been 
assembled, one end of the tube is closed 
with a plug having blind holes corre- 
sponding with those in the guide, so that 
the conductor ends are positively located. 

The plug having been locked into 
position the “start” is turned into a 
vertical position, being actually sunk 
into the floor beneath the filling machine. 
The magnesium oxide powder, dried by 
being fired for 3 hours at 850° C and 
stored in heated hoppers, is allowed to 
trickle into the upper end of the tube 
while the ram commences a reciprocating 
motion, powder flowing past it on the up 
stroke and being consolidated on the 
down stroke. The ram is loosely held 
in the filling machine so that it can climb 
a little after each stroke. When the 
“ start’ is completely full of compacted 
powder and the ram has climbed right 
to the top, the “start ”’ is removed from 


One of the filling machines showing the 
ram nearly at the top of its travel. 
Powder furnaces are at the upper level. 


the filling machine and the bottom plug 
removed. The unfilled portion of tube 
(some 6 in.) thus left is then reduced 
in a rotary swaging machine to prepare 
it for the reducing operation. 


Reducing 


with intermediate annealing in a roller 
furnace to remove the work-hardening 
effect of the drawing operation. When 
the elongation is such that a draw-bench 
can no longer be conveniently used, it is 
transferred to bull blocks, and drawn in 
coil form. One of these machines inci- 
dentally has a block 114 in. diameter, 


Cross sections of different sizes of 
7-core cables (actual size). 


As is generally known, this type of 
cable is manufactured by assembling the 
necessary number of cores in the form 
of thick rods inside a thick-walled tube, 
filling with magnesium oxide, and 
reducing the entire assembly until the 
Tequired size of cable is reached, the 
cores and sheath being simultaneously 
reduced so that an assembly which com- 
mences 2 in. diameter x 20 yards might 
finish 0.2 in. diameter and 1,000 yards 
long. Simple as such an_ operation 
sounds, it is, nevertheless, one in which 
many detail problems must be solved 
before large-scale production can be 
carried out. 


The “ Start ” 


Preliminary assembly of the “ start” 
as the original assembly is known, is by 
hand, the necessary number of rods being 
inserted by hand in a tube of suitable 
size, together with the ramming tool. 
This consists of a steel tube smaller in 


Reduction of the “start” into cable takes 
place in several stages. It is first reduced 
by several passes through a draw-bench, 


believed to be the largest of its type in 
the world. Intermediate annealing in 
coil form takes place in bell (lift-off) 


(Below) Checking dimen- 
sions of copper tubes. 


(Above) One of the 
drawbenches showing 
the swaged end gripped 
in the drawing dog. 
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furnaces, inert gas being used in all 
furnaces 10 prevent oxidation of the 
sheath. An average cable during manu- 
facture is drawn about 20 times and 
subjected to about 10 annealings between 
draws. 
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Charging coils on to a bell 
furnace carrier for annealing. 


Testing 


The rigorous test programme includes © 


a 12-hour immersion test for pinholes, 
bridge-type conductor resistance tests, 
insulation resistance and high-voltage 
tests. Every separate piece of cable is 
tagged with a serial number which it 
carries throughout manufacture to enable 
continuous checking of any batch of 
material. 

Special demonstrations to show the 
robustness of the cables included a 
circuit looped into water, hot oil, and 
molten lead. Other demonstrations in- 
cluded the application of some 200 amp 
to a cable rated at 5 amp, and the 
flattening of a current-carrying cable 
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with a hammer to show the retention of 
relative spacing of conductors and 
insulation. 

A comparatively new development is 
the addition of a P.V.C. sheath for use 
in unusually corrosive situations, this 
being extruded over the copper sheath 
in the normal way. Surprisingly enough, 
the overload capacity of the cable does 
not seem unduly reduced by this method, 
since the black surface increases the 
radiation. This sheath can also be 
supplied in white or coloured P.V.C. 

Another comparatively recent develop- 
ment of particular interest to the nuclear 
engineer is the production of thermo- 
couple cable using chromel-alumel con- 
ductors and a stainless steel sheath. 
Although this is giving encouraging 
results it is not yet available on an 
off-the-shelf basis. 


Industrial Research Expansion 


Many companies associated with the nuclear engineering industry are 
extending their research facilities to improve existing manufactures and 


to speed development of new products. 


The Lincoln Electric 
Co. Ltd. 


Pe part of their current expansion of 
manufacturing capacity for welding 
plant and accessories, The Lincoln Electric 
Co. Ltd. have provided five laboratories 
at their new factory in Welwyn Garden 
City. 

The factory itself—which was officially 
opened on May 22—covers some 190,000 
sq. ft. It comprises a main single-storey 
factory and a two-storey office block 


which also houses the laboratories and . 
certain auxiliary buildings. The area , 
between the factory and offices is roofed Z 
pico to house an i can gi aggre The new Lincoln Electric factory comprises a single-storey main building fronted 

epartment, canteen, social room an by a two-storey office block. An area between them houses ancillary rooms 

cinema. for social activities and so on. 

The main functions of the Lincoln P 
welding laboratories are (a) the main- 
tenance and improvement of the quality "sures that all fluxes and electrodes con- trical equipment both for factory and for 
of existing products, (b) pioneering new _‘ form to the strict manufacturing specifica- production purposes. It is responsible 
products and (c) the investigation of tion. Test welders from this laboratory for prototypes, obtaining test and per- 
problems submitted by clients. are stationed in various production formance figures, and setting the standards 

The analytical development laboratory Sections and have authority to reject required for the production machines. It A 


is concerned chiefly with new tests and 
methods of analysis together with any 
special analysis that cannot be handled 
by the routine analytical laboratory 
which is responsible for the testing and 
release of all raw materials for electrodes. 
It also conducts certain tests on the 
electrodes themselves, such as chemical 
analysis of weld deposits, corrosion tests 
and combined water tests. Another 
activity is the analysis of weld metal from 
experimental electrodes. New electrodes 
and submerged arc fluxes are developed 
in a further laboratory. 

Next, production quality control, which 


sub-standard work or, if necessary, even 
completely stop manufacture. 

Finally, there is a metallurgical labora- 
tory responsible for all the mechanical 
and microscopical testing of weld speci- 
mens from production control, from 
experiment electrode development, and 
for “approval certification,” by Lloyd’s 
Register of Shipping and other authori- 
ties. This department also deals with 
customers’ problems necessitating metal- 
lurgical analysis. 

A new department known as_ the 
electrical development section has been 


‘ formed to undertake the design of elec- 


also instructs the company’s field engineers 
in the use and maintenance of new 
equipment. 

Lincoln’s new main factory is a par- 
ticularly interesting example of modern 
industrial architecture. It measures 533 ft 
by 300 ft and the main roof framework 
is constructed from prefabricated Arcon 
units supplied by Taylor Woodrow 
(Building Exports) Ltd. The roof trusses, 
the main 50 ft span girders and purlins 
are of welded tubular construction—this 
gives a clean and neat appearance, and 
leads to considerable weight reduction: 
the latter factor in turn results in cost 
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economies and also facilitates handling 
during transport and erection. The main 
framework comprises rolled steel sections. 
The sawtooth-type roof has more than 
180 north-light bays; each 50 ft long; it 
incorporates an acre of glass and seven 
miles of tubular steel purlins. 

The main factory is divided into three 
self-contained departments for the pro- 
duction of (1) welding flux for automatic 
machines, (2) electrodes, (3) welding 
machines. The opportunity has been 
taken to reorganize the layout of the 
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plant to give increased production, and 
better control of quality, and to add 
several new departments. 

For example, the automatic welding 
flux area takes advantage of experience 
gained in the old factory, and sufficient 
space is left to cater for increased 
production or the development of new 
products. Extensive use is made of 
modern mechanical handling methods 
and equipment. In the electrode depart- 
ment the basic plant is the same as 
before, but additional equipment of 
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improved design has been provided whilst 
in the machine production department, 
which will now build all the engine- 
driven welding units, greatly improved 
flow line production has been made 
possible by the new layout. In the future, 
all accessories complementary to the 
machines will also be made here—for 
example, electrode holders, ground 
clamps and lenses. 

As a result of these new facilities 
Lincoln Electric look forward to 
increasing sales of all their products. 


E. K. Cole, Ltd. 


HE E. K. Cole group of companies 

continues its post-war expansion with 
the erection of a four-storey research 
building at the Ekco works in Southend. 
The official opening by the Marquis of 
Salisbury, K.G., P.C., took place on 
May 3. The new building provides Ekco’s 
development and engineering division 
with an additional 31,600 sq ft of working 
floor area. 

The entire ground floor comprises a 
fully equipped model shop where skilled 
technicians produce a wide variety of 
experimental models and_ prototypes 
ranging from large rack assemblies to 
intricate components. The next floor 
houses Ekco Electronics commercial 
offices and the industrial design studios 
as well as shops equipped to carry out 
specialized production and the assembly 
of development models. Provision has 
been made for a permanent display of the 
company’s wide range of products. 

As might be expected—particularly. in 
view of current Ekco contracts for 
reactor instrumentation—most of the five 
development laboratories on the second 
floor are concerned with nucleonics; three 
are devoted to development work whilst 
the other two cover assembly and 
applications. 

Medical and general scientific nucleonic 
equipment, such as scalers, ratemeters, 
spectrometers and radiation monitors, are 
built in the first laboratory; the second 
deals with industrial measurement and 
automatic process controls involving 
thickness, density or level gauging, whilst 
the third is devoted to the design of 
instruments for A.E.R.E., Harwell, and 
for reactor instrumentation. 


The new four-storey Ekco research building at Southend provides excellent 
facilities for electronic and nucleonic development. 


Among the many industrial uses of 
radioisotopes recently developed by Ekco, 
one of the most interesting is a fluid- 
density gauge for use in oil refineries and 
liquid storage installations. 

Where a common pipeline conveys 
different fuel products one after another 
to a series of storage tanks, the fluid- 
density gauge automatically shows when 
the interface between two fuels passes a 
certain point, so avoiding wastage by 


The wide range of Ekco 
nucleonic equipment in- 
cludes this fluid-density 
gauge for oil refineries. 


high-grade fuels being directed into tanks 
for lower-grade varieties. 

This gauge employs a gamma-ray 
source and a detector fixed to opposite 
sides of the pipe, output from the detector 
changing with differences in the density 
of the fluid in the pipe. The sensitivity 
is such that the interface between 
commercial and premium petrol can be 
detected—a difference in density as low 
as .002 grammes per c.c. 

At the present time personnel in the 
fourth laboratory are building two com- 
plete reactor instrument systems—one for 
DMTR, Dounreay, the other for Pluto 
at Harwell. The nearby applications 
laboratory deals with research into indus- 
trial problems with the object of con- 
ceiving new equipment. All radioisotopes 
are handled in this lab. 

The third floor comprises a drawing 
office which houses designers, draughts- 
men and writers concerned with the 
production of technical literature. 

Ekco’s new facilities at Southend have 
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Obviously been provided mainly to meet 
the company’s expanding research 
requirements in the nuclear field. Exten- 
sive laboratories in other buildings cater 
for the research and development require- 
ments of radio, television, plastics and 
other products of the E. K. Cole group 
which now comprises the following 
manufacturing companies: E. K. Cole, 
Ltd., Ekco Plastics Ltd., Ekco Electronics 
Ltd., Ferranti Radio and Television Ltd., 
Dynatron Radio Ltd. and Egen Electric 
Ltd. 


Ruston and Hornsby, Ltd. 


A new research centre with excellent 
facilities for the development of oil and 
gas power units has just been opened in 
Lincoln by Ruston and Hornsby, Ltd. 
Although the company have not yet 
entered the nuclear field they have under- 
taken design studies with a view to 
driving a closed-cycle turbine by means 
of a gas-cooled reactor. 

At present, however, the centre is 
primarily concerned with the complete 
range of Ruston Diesel engines (up to 
2,410 b.h.p.), gas turbines and locomo- 
tives. The actual capacity in terms of 
test-bed operation is 40 high-speed 
engines, 10 medium-speed engines and 
five gas turbines. 

For the oil engines power is absorbed 
by water brakes, alternators and d.c. 
dynamometers and the tests involve 
vibration recording on _ field trials, 
torsional vibration on _ static engines, 
pressure charging and prototype running. 

On the turbine side the facilities allow 
for every aspect of development, 
including: (a) the thermodynamic and 
mechanical characteristics of prototypes; 
(b) the development of control systems; 
(c) combustion of various fuels; (d) 
prototype combustion chambers for new 
engines; (e) the aerodynamic testing of 
turbine components; and (f) investigation 
of proprietary articles such as fuel and 
lubricating oil pumps. 

Four laboratories are provided on the 
ground floor of the office block of the 
centre. The metrology laboratory—not 
yet completely equipped—is intended for 
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The new Ruston research centre. The office block in the foreground houses 


four laboratories. 


The remainder of the centre contains test-beds for oil 


engines and gas turbines. 


phoelastic stress analysis work and to 
contain standards for temperature, pres- 
sure, and surface finish. The electronics 
laboratory supervises the maintenance 
and construction of electronic equipment 
used for research and development work. 
It is equipped with instruments of high 
accuracy for the determination of 
frequencies, voltage, and so on. A coil- 
winding machine of the latest pattern, 
which is capable of winding wire down 
to .001-in. diameter—a size which is 
frequently used for strain gauge pick-ups 
of a design evolved at the research 
centre—has also been installed. 

The instrument-fitting laboratory is 
arranged for the maintenance and manu- 
facture of equipment other than 
electronic, such as furnaces and a 
thermocouple welding machine. A stress 
and vibration laboratory—mainly related 
to strain gauge and vibration techniques 


—looks after the mechanical test of small 
engine and turbine components. Finally, 
a fully equipped dark-room enables 
photographic records to be made. 

Research of all types dealing with 
products accommodated in the centre is 
carried out in the laboratories. This 
includes: (a) stress analysis investigations; 
(b) fatigue testing of engine and turbine 
components; (c) vibration testing of 
turbine blades and rotors; (d) vibration 
investigations, both linear and torsional, 
on engines; (e) noise problems of both 
engines and turbines; (f) vibration investi- 
gations into turbine ducting; and (g) 
thermodynamic investigations both prac- 
tical and theoretical into engine cycles 
to provide fundamental design data. 
When the time comes for Rustons to 
actively enter the nuclear engineering 
industry the research centre should prove 
to be a valuable asset. 


Dallow Lambert and Co., Ltd. 


The development of dust-control equip- 
ment calls for special research facilities in 
addition to very close liaison between 
the manufacturer and the customer. Full 
account of these requirements has been 
taken in designing the new Thurmaston, 
Leicester, factory of Dallow Lambert 
and Co., Ltd. Based on a site of 10 acres 


One of the sheet- 
metal fabrication 
shops at the new 
Dallow Lambert 
factory at Thur- 
maston. 


the first stage of the building project has 
provided the company with a floor area 
of 56,000 sq ft—exclusively for the 
design, development and manufacture of 
equipment for dust control. Amongst 
current developments can be _ listed 
special units for coping with dust arising 
from graphite machining. 

In practice, inquiries received by the 
sales department are immediately passed 
to the engineering section for evaluation 
before a specification is proposed. To 
assist in this evaluation there is a small- 
particles laboratory in which the various 
dust samples received are subjected to 
searching investigation of their chemicai 
properties, physical reactions and general 
size distribution. This facility is supple- 
mented by an extremely well-equipped 
demonstration bay where the company’s 
latest developments in both wet de-dusting 
and fabric filtration are critically tested 
with a view to greater refinement and 
also obtaining an assessment of equip- 
ment behaviour on a plant scale. 

In the factory proper careful attention 
was paid to the layout of the various 
departments in order to minimize 
handling and to improve working 
efficiency. 
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Appointments 


Col. G. W. Raby, deputy director 
(engineering) A.E.R.E., Harwell, as 
managing director of Atomic Power 
Constructions Ltd. 


Sir George H. Nelson, Bart, chairman 
of The English Electric Group of Com- 
panies, as president of the Institution of 
Mechanical Engineers. On May 13 Sir 
George received the honorary degree of 
Doctor of Laws at Manchester 
University. 


Col. G. W. Raby 


Mr. Norman Elce, director and chief 
mechanical engineer, §Metropolitan- 
Vickers Electrical Co. Ltd., as vice- 
president of the Institution of Mechanical 
Engineers. 


Mr. J. R. Taylor as area engineer for 
the West of England for Kelvin and 
Hughes (Industrial) Ltd. 


Mr. J. E. Clark, British Oxygen 
Wimpey Ltd., as deputy manager of the 
Midlands district of British Oxygen 
Gases Ltd. 


Mr. J. A. Crispin, B.Sc.(Tech.)Hons., 
A.M.LE.E., senior assistant engineer, 
generation and system operation branch, 
C.E.A., as system operation engineer in 
the South Eastern division of the 


Authority. 

Viscount Chandos, D.S.O., M.C., re- 
appointed president of the British 
Electrical Development Association; 


Sir Josiah Eccles, C.B.E., M.M., deputy 
chairman (operation) C.E.A., and Mr. 
Victor W. Dale, Companion, ILE.E., 
former director and secretary of E.D.A., 
as vice presidents; Lord Beveridge, 
K.C.B., and Captain J. M. Donaldson, 
M.C., re-appointed vice-presidents. Mr. 
W. S. Lewis, C.B.E., J.P., chairman of 
the Midlands Electricity Board, as chair- 
man and Mr. W. N. C. Clinch, M.LE.E., 
FInst.F., controller Eastern division, 
C.E.A., vice-chairman. 


Sir George Nelson 


NUCLEAR ENGINEERING 


Personal 


Mr. S. Lumb as Northern Area sales 
manager of Rocol, Ltd. 


Mr. S. Hardman, B.Sc.Tech., manutfac- 
turing engineer in the Switchgear depart- 
ment of Metropolitan-Vickers Co. Ltd., 
becomes assistant superintendent of the 
department. 


Mr. D. C. Rogerson becomes deputy 
publicity manager of the General 
Electric Co. Ltd., responsible for pub- 
licity on heavy engineering and atomic 


energy. 


Mr. D. C. Rogerson 
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Mr. M. G. Lister as technical publicity 
manager of Fielding and Platt Ltd. 


Mr. W. A. Fisher, M.1I.Mar.E., as 
chief engineer of Heat Transfer Ltd. 


Mr. J. P. Bennett and Mr. J. Cartwright 
as directors of Taylor Bros. and Co. Ltd. 


Dr. J. E. Richards, B.Sc.(Eng.),Wh.Sc., 
leader of the British Shipbuilding 
Research Association at Harwell, as head 
of B.S.R.A.’s new atomic energy studies 
section. 


Mr. M. A. Fiennes and Mr. M. F. 
Dowding (Davy and United Engineering 
Co. Ltd.) and Dr. P. H. Sykes and Mr. 
F. J. Clark (The British Oxygen Co. Ltd.) 
as directors of Davy British Oxygen Ltd. 


Mr. J. L. Ashworth, A.M.1E.E., 
A.M.I.Mech.E., A.R.T.C. (Salford), as 
deputy divisional controller of the North 


West, Merseyside and North Wales 
division of the Central Electricity 
Authority. 


Maj.-Gen. S. W. Joslin 
(Works Gen. Manager) 


Mr. C. R. Tottle 
(Head of Laboratories) 


Senior Officials at Dounreay 


—- Manager, Chem. Plant) (Works Manager, Reactors) 
Mr. T. A. Parry Mr. J. L. Phillips 


Dr. T. G. Williams 
(Resident Engineer) 


(Works Secretary) 
Mr. D. M. Carmichael 
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Mr. A. S. Dodd 


Mr. James Boyd as area manager, John 
Thompson Ltd., Belfast. 


Mr. A. S. Dodd as director of John 
Thompson Water Tube Boilers Ltd. and 
London manager of John Thompson 
Ltd.; Mr. C. J. Howard, formerly London 
manager, as managing director of John 
Thompson Water Tube Boilers Ltd. 


Mr. J. E. Richardson, O.B.E., at present 
deputy general manager and engineering 
manager, Barrow Works of Vickers 
Armstrongs (Engineers) Ltd., becomes 
managing director of Canadian Vickers 
Ltd. 


Dr. F. T. Rosser as vice-president 
(Administration) of the National 
Research Council of Canada. 


Dr. R. Hurst, leader of Homogeneous 
Aqueous Reactor project at A.E.R.E., 
Harwell, as chief chemist, U.K.A.E.A., 
Industrial Group. 


Mr. G. E. Clifford, B.Sc., Ch.E., 
A.I.Chem.E., as technical director and 
Mr. H. C. S. Brand, M.A., A.I.1.A., as 
works director of Air Control Installa- 
tions, Ltd. 


Mr. J. L. Ashworth, A.M.I.E.E., 
A.M.I.Mech.E., A.R.T.C. (Salford), as 
deputy divisional controller of the North 
West, Merseyside and North Wales Divi- 
sion of the Central Electricity Authority. 
Mr. E. Forth, B.Sc.(Elec.), M.I.Mech.E., 
as generation operation engineer, head- 
quarters, C.E.A. 


Dr. Paul C. Aebersold, director of the 
U.S. Atomic Energy Commission’s iso- 
topes extension at Oak Ridge, Tennessee, 
as assistant director for isotopes and 
radiation, Division of Civilian Applica- 
tion. 


William S. Stevenson as manager of 
the newly created engineering and 
development department, projects division, 
Westinghouse Electric International Co. 


Mr. C. C. Carroll, plant manager of 
the United States Radium Corporation, 
becomes research co-ordinator for the 
entire company; Mr. H. A. Vaughan, 
assistant plant manager, becomes plant 
manager. 


Mr. John M. Olin as chairman of the 
financial and operating policy committee 
of the Olin Mathieson Chemical Cor- 


Mr. J. Boyd 


Mr. R. L. Trent 


poration, New York; Mr. T. S. Nichols 
as chairman of the board of directors; 


Mr. Robert L. Trent as head of newly- 
formed circuit development branch of 
Texas Instruments Incorporated. 


Tours 

Sir John Cockcroft began a_ weck’s 
lecture tour in Poland on May 18 as a 
guest of the Government and _ the 
Academy of Science. 


Dr. P. Fortescue, senior engineer, 
reactor division, A.E.R.E., Harwell, has 
been granted two years leave of absence 
for a visit to the United States. 


Mr. J. P. Coleman, M.1LE.E., and 
Mr. J. W. Perkins of Gresham Trans- 
formers Ltd., on an 8-week tour of 


Mr. J. W. Perkins (left) with 
Mr. J. P. Coleman, 
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Canada and the United States to set up 
an organization which will handle the 
growing volume of orders which the 
company has obtained in Canada. They 
are also looking after the interests of 


‘Lion Electronic Developments Ltd. and 


of Data Recording Instrument Co. Ltd. 


Mr. Gordon Kay, Acheson Organiza- 
tion, on a tour of New York, Brazil and 
the other major countries in the South 
American Continent, where “dag” dis- 
persions of colloidal graphite and 
molybdenum disulphide are finding a 
growing market. 


Obituary 


Nuclear Engineering records’ with 
regret the deaths of the following 
personalities: — 


Dr. N. E. Rambush, chairman and 
managing director of The Power-Gas 
Corporation, Ltd., died on May 15. He 
was 68. 


Major M. E. A. Wright, A.F.C., B.A., 
F.R.Ae.S., a director of The Fairey 
Aviation Co. Ltd. Maurice Wright, who 
was 64, had been:a director of the com- 
pany since 1925. 


Dr. Joseph W. Kennedy, chairman 
of the Department of Chemistry at 
Washington University and one of the 
four scientists who discovered the 
element plutonium. He was 40. 


Mr. John Jay Hopkins, founder and 
chairman of the General Dynamics Cor- 
poration, under whose leadership was 
constructed the world’s first nuclear- 
powered submarine. 


Sir James Randall Philip, O.B.E., Q.C., 
Sheriff of Perth and Angus, died on 
May 2. In February he presided over 
the public inquiry into the proposed 
nuclear power station at Hunterston. He 
was taken ill before he could complete 
his report. 


Publications 


Britain Leads in This Atomic Age.—Prestige 
booklet presenting background information about 
nuclear development in Britain. Published by 
Nuclear Energy Trade Association’s Conference, 32 
Victoria Street, London, S.W.1. 


Data on Steel Tubes and Bars.—Pocket-size 
booklet containing a wealth of information about 
tubular products of Talbot Stead Tube Co., Ltd., 
Green Lane, Walsall. 


Transistorized Plug-in Units.—Venner plug-in 
stages for industrial applications include oscillators, 
amplifiers, counting and scaling units. Venner 
Electronics, Ltd., Kingston By-pass, New Malden, 
Surrey. 


Torque Indicating Wrench.—A range of precision 
tools with dial readings for all assembly work. 
M.H H, Engineering Co., Ltd., Bramley, Guildford, 
Surrey, 


Ekco Auto-standardization Thickness Gauges. 
Type N612 Scintillation Counter.—Separate leaflets 
describing equipment made by Ekco Electronics, 
Ltd., Southend-on-Sea, Essex. 


High E‘ici Dust Extraction.—A_ two-stage 
dust collector for removing dust particles from the 
CO, closed gas circuit of a reactor. Manaina 
Engineering, Ltd., Denton, Manchester. 


Remote Handling Tools and Devices.—Brief 
details and photographs of the wide ranve of equip- 
ment manufactured by Savage and Parsons, Ltd., 
Watford, Herts. 


The Atomic Energy Industry.—Facilities avail- 
able in the T.I. group of companies for designing, 
developing and manufacturing components for 
nuclear application. T.I, Nuclear Engineer'ng, Ltd., 
The Adelphi, London, W.C.2. 


= 
: 4g 
N 
st 
by 
pu 
a ™ 


orld News 


international 


Euratom Powers — Belgium, France, 
Germany, Italy, Luxembourg, and _ the 
Netherlands—have been recommended to 
start on a joint programme of nuclear power 
station construction to provide 15,000 MW 
by 1967. The recommendation was made 
in the report of the ‘‘ three wise men "— 
M. Louis Armand (France), Herr Franz 
Etzel (Germany) and Professor Francesco 
Giordani (Italy—which was published on 
May 7. 

The report suggests that to speed 
development reactors should either be 
purchased from the U.K. and the United 
States or they should be built under licence. 
Electricity production costs of both types— 


A 


Calder Hall and Shippingport—are estimated 
at from 11 to 14 mill/kWh (one mill is one 
thousandth of a U.S. dollar) compared with 
from 11 to 12 mill/kWh for a conventional 
station. 


Resolution urging the six Euratom 
countries to ratify the common market and 
atomic energy treaties before their parlia- 
ments adjourn for their summer vacations 
was passed by the “ Action Committee for 
the United States of Europe ’’ on May 7. 


United Nations Advisory Committee on 
the Peaceful Uses of Atomic Energy decided 
on May 8 to recommend that the second 
** Atoms for Peace” conference should be 
held in Geneva in 1958. The dates suggested 
are September 1 to 13. Highlights of the 


(Left) Switzerland’s first research reactor, the Saphire, was 
inaugurated on May 17. The reactor was exhibited by the 
U.S. at the Geneva “ Atoms for Peace” conference in 1955. 


During the visit of Sir Josiah Eccles to 
the John Thompson works at Wolver- 
hampton he was shown the lower half 
of the 1,000-ton reactor pressure vessel 
for Berkeley nuclear power station. 
Left to right, front row: Mr. A. Jeavons, 
erection manager, John Thompson, Ltd.; 
Mr. J. H. N. Thompson, deputy chair- 
man, John Thompson, Ltd.; Sir Josiah 
Eccles, deputy chairman, Central 
Electricity Authority; Mr. H. West, 
managing director, A.E.|.-John 
Thompson Nuclear Energy Company, 
Ltd.; Mr. A. C. Coleman, director, 
John Thompson (Wolverhampton), Ltd.; 
Commander E. G. Sutton, John 
Thompson, Ltd. Back row: Mr. A. 
Hall-Patch and Mr. J. Furness. 


conference will be a discussion on the possi- 
bility of developing controlled nuclear-fusion 
reactors. Dr. Bunche, United Nations 
under-secretary with special responsibility for 
atomic affairs, told a Press conference that 
it was not intended to give encouragement 
to the organization of an exhibition in view 
of the nuclear industries’ commitments at the 
universal exhibition in Brussels. 


United Kingdom 


Good progress is being made on the manu- 
facture of components for Berkeley. During 
a recent visit to the John Thompson, Wolver- 
hampton, works, Sir Josiah Eccles, deputy 
chairman (operations) C.E.A., was shown 
half of the 3-in. thick reactor pressure shell. 
The Berkeley heat exchangers are also in 
course of manufacture at Wolverhampton 
works. 


Hunterston nuclear power station scheme 
has been further delayed by the death of Sir 
James Randall Philip, O.B.E., Q.C., Sheriff 
of Perth and Angus, who in February pre- 
sided over the public inquiry. Sir Randall 
was taken ill with cardiac trouble shortly 
after the 13-day inquiry closed. He died 
before he could complete his report. 

His successor, Mr. Harold R. Leslie, M.B., 
T.D., Q.C., Sheriff of Roxborough, Berwick 
and Selkirk, has decided not to re-open the 
public hearings: instead he hopes to base his 
report on the available evidence. 


(Below) Sir Christopher Hinton explains 

remote handling to a group of budding 

technicians at the Thurso nuclear 

exhibition, held in conjunction with the 
open day at Dounreay. 


It has been modified by Swiss scientists. 
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If his report is unfavourable the main con- 
tractors, The General Electric Co., Ltd., will 
be faced with a further delay before work 
begin. Hunterston was _ originally 
scheduled to come into operation early in 
1961: if the scheme is substantiaily delayed 
the South of Scotland Electricty Board may 
be forced to proceed with an emergency pro- 
gramme to complete the second half of their 
new power station at Kincardine. 


Public inquiry into the proposed nuclear 
power station at Hinkley Point opened at 
Bridgwater, Somerset, on May 14. C.E.A. 
officials indicated that the capacity will be 
400 to 450 MW which is considerably larger 
than was anticipated six months ago. 
Although the reactors will still be graphite- 
moderated, gas-cooled, the tendering con- 
sortium, English Electric—Babcock and 
Wilcox—Taylor Woodrow, have apparently 
been able to offer improved steam conditions. 


Marine interest in nuclear propulsion has 
been quickened by several recent announce- 
ments. Foremost, perhaps, are the negoti- 
ations between John Brown and Co. Ltd., 
and the Hawker-Siddeley Group who have 
been actively studying nuclear reactors for 
some time. The British Shipbuilding 
Research Association which sent a research 
team to Harwell to investigate possible 
systems, has now established a nuclear design 
team of its own. On the naval side, Mr. 
Christopher Soames, Financial Secretary to 
the Admiralty, told the Commons on 
May 14, that nuclear propulsion for ships was 
getting top priority. 


Bill to extinguish “ commoners’ rights * 
over land at Winfrith Heath is to be pro- 
moted by the Government to enable 
U.K.A.E.A to erect research reactors in the 
area. A public inquiry into U.K.A.E.A.'s 
proposal was held in January. In February 
the Minister of Housing and Local Govern- 
ment announced his planning consent.  I[t 
now transpires that an enclosure award made 
in 1771 relates to part of the land. The 
Bill—which will be presented during the 
current session—will extinguish all common- 
able rights and provide compensation for any 
commoner so deprived. 
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Central Electricity Authority has suspended 
the project to build a 275 kV_ supergrid 
from Drakelow power station, near Burton- 
on-Trent, to the sub-station now being con- 
structed at Fleet in Hampshire. The decision 
has been made primarily because nuclear 
power stations can be sited near load centres 
in the South of England, thus obviating the 
need for a supergrid. 


C.E.A. propose to erect a coal-fired power 
station with two 550 MW generators at 
Thorpe Marsh, Yorkshire. 


Expansion plans of the British steel industry 
during the five years 1958-62 call for an 
expenditure of £575 million. Annual output 
will be raised to at least 28 million tons of 
steel. 


Africa 


Prices obtainable for small quantities of 
uranium-bearing ores from Rhodesia and 
Nyasaland have been announced by the 
U.K.A.E.A. To encourage exploitation of 
new sources a special price of 55s. per lb 
will be paid (until March 31, 1962) for the 
first 5 tons of uranium oxide in acceptable 
ore from each completely new mine. 

The normal payment for small consign- 
ments (i.e., containing more than 5 cwt of 
oxide) will vary according to the grade of 
ore. For each lb of uranium oxide contained 
in the ore the price will be 30s. where the 
grade is 0.2% (the minimum grade accept- 
able); 35s. where it is 0.59% and 40s. where 
it is 5.0% or over. Details of the Authority’s 
offer can be obtained from the U.K.A.E.A. 
Office in Salisbury, S. Rhodesia, or from the 
U.K.A.E.A. metals branch in London. 


Belgium 

Contract for 11.5 MW nuclear power plant 
was awarded to Westinghouse Electric Inter- 
national Co. by Societe Co-operative 
Electronucleaire, the Belgian syndicate of 
utilities and industrial concerns. The PW 
reactor will use slightly enriched uranium 
oxide as fuel. It will be installed near 


The proton synchroton at the High Energy Physics Laboratory of the Joint 
Nuclear Research Institute at Dubna, near Moscow. The proton flux has 
already been accelerated to an energy of 9 billion electron volts. 
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Brussels at Mol, the Belgian nuclear research 
centre. A large proportion of the electrical 
equipment will be made in Belgium. Probable 
commissioning date: end of 1959. 


Canada 


McMaster University of Hamilton, Ontario, 
intends to build a 1 MW research reactor. 


Final units in the proposed Selkirk power 
station might well be nuclear powered, 
according to D. M. Stephens, chairman of 
Manitoba Hydro-Electric Board. He added 
that the units were unlikely to be scheduled 
until 1960 and that they would not be com- 
missioned before 1964. 


Estimate of capital expenditure required 
for production of uranium oxide in Canada 
by the Rio Tinto Mining Co. of Canada is 
$379 million according to the annual report 
of the parent company presented in London 
on May 15. Of this total $265 million is 
attributable to the establishment of eight 
mines at Blind River. Rio Tinto will be 
responsible for 60% of the uranium oxide 
mined in this area. Total Canadian produc- 
tion of uranium oxide by 1962-3 is estimated 
at $1,631 million, of which the Rio Tinto 
Group will be’ responsible for some 
$631 million worth. 


Atomic Energy of Canada, Ltd., are 
engaged on the design of a large power 
reactor in the range of 100 to 200 MW;; the 
company expects to spend $110 million on 
this and other nuclear developments during 
the next five years. 


Foundation Co. of Canada, Ltd., has been 
given a contract for a high-power research 
and experimental reactor which is to be 
built in India under the 1955 Colombo Plan 
Agreement. 


Germany 


West Germany plans to increase her 
installed capacity of nuclear power plant 
from 500 MW in 1965 to 1,500 MW in 
1967. Herr Balke, Minister for Atomics, 
estimates the cost at £220 million. 


Largest synchro-cyclotron yet built in West 
Germany was handed over Bonn 
University on May 8. 


Brown Boveri and Co., A.G., Mannheim, 
and Friedrich Krupp, Essen, have a contract 
with Arbeitsgemeinschaft deutscher Energie- 
versorgungsunternehmen zur  Vorbereitung 
der Errichtung Eines Leistungsversuchs- 
reaktors (AVR) e.V. Dusseldorf for the 
design of a nuclear power plant of 15 MW 
capacity. It will be homogeneous, gas- 
cooled and graphite moderated, using fuel 
elements made of sintered uranium carbide 
and graphite. 


Greece 


Research reactor purchased from the 
U.S.A. is due to start operating in the spring 
of 1958. Fuel required for its operation 
will be supplied by U.S.A.E.C. 


Indonesia 


U.S.S.R. has offered technical aid in the 
utilization of atomic energy for peaceful 
purposes, according to the Director for 
International Economic Relations of the 
Indonesian Foreign Ministry at Thajeb. 
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Japan 


Britain has submitted a draft agreement 
covering Japanese imports of U.K. nuclear 
power plants and fuel. It is understood that 
the U.K.A.E.A. have agreed to inspect and 
approve all British nuclear power equipment 
exported to Japan. 


Japan Atomic Fuel Corporation have 
purchased 100 kg (220 Ib) of uranium oxide 
concentrate from Britain for £1,350. 


On May 7 the United States agreed to 
lease 4 kg (8.8 lb) of uranium for the experi- 
mental heavy water reactors due to be com- 
missioned in Japan next spring. 


Isotope Developments Ltd., were the only 
British company represented at the Inter- 
national Trade Fair at Tokyo in May. 


Netherlands 


H.M. Queen Juliana and H.R.H. Prince 
Bernhard will be present at the opening on 
June 28 of Het Atoom—the International 
Atomic Exhibition which is being held at 
Schiphol Airport, near Amsterdam, from 
July 1 to September 16. The exhibition 
grounds will cover an area of about 
100,000 sq. ft. 


Second O.E.E.C. information course on 
nuclear energy for management will be held 
in Amsterdam from June 24 to 29. 


Switzerland 


Government is to ask Parliament for a 
100 million franc (£8.3 million) credit for 
nuclear research over the next two years. 


U.S.A. 


First American * package ” power reactor 
is now in operation at Fort Belvoir, near 
Washington, D.C. APPR (Army Package 
Power Reactor) was formally opened by 
President Eisenhower on April 29. This 
2 MW (heat) pressurized-water reactor 
occupies no more space than a tennis court. 
Electrical output is 1.855 MW. Similar 
plants marketed in Britain by Humphreys 
and Glasgow, Ltd., under licence from the 
American designers, Alco Products Inc., are 
expected to produce power for Id. to 14d. 
per unit with capital costs of £150/kW. 


Sustained nuclear fission was achieved in 
the Sodium Reactor Experiment on April 25. 
The S.R.E. is a small-scale experimental 
civilian nuclear power project developed for 
the A.E.C. by Atomics International, a 
, division of North American Aviation, Inc. 
The first sodium-cooled ‘* thermal’ reactor 
to produce a sustained nuclear chain reaction, 
the S.R.E., is graphite-moderated. Liquid 
sodium is circulated through the reactor core 
to remove heat. 

During the initial start-up test the reactor 
operated at a power level of about one kilo- 
watt of heat. The design capacity is 20 MW 
of heat. Following preliminary tests, the 
power level of the reactor will be increased 
gradually. Heat will be purchased by the 
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Fuel elements 
being loaded into 
the reactor core 
of the Sodium 
Reactor Experi- 
ment (SRE) built 
by Atomics Inter- 
national for 
U.S.A.E.C. 


Southern California Edison Co. to generate 
about 6.5 MW of electricity on an experi- 
mental basis. 


Preliminary design of the first U.S. nuclear- 
powered merchant ship is to be prepared 
by George G. Sharp, Inc., of New York, 
by early July; final contract plans and speci- 
fication will be ready by November. A 
$9,872,000 contract for a pressurized water 
reactor and propulsion components had 
previously been placed with the Babcock and 
Wilcox Co., of New York. The vessel is 
scheduled for completion in 1960. 


Texas Atomic Energy Research Founda- 
tion have signed a contract with General 
Atomic Division of General Dynamics Corp- 
oration for a four-year, 10 million dollar 
jointly sponsored research programme in the 
field of controlled thermonuclear reactions. 
The private electric utility companies operat- 
ing in Texas recently organized the Founda- 
tion to consolidate and make more effective 
their participation in the development of 
atomic energy. The aim of the programme is 
an understanding of heavy hydrogen reac- 
tions at high temperatures under controlled 
conditions. The research will be carried out 
at General Atomic’s new multi-million dollar 
John Jay Hopkins Laboratory for Pure and 
Applied Science located at San Diego. 
Research work is already underway. The 
staff of the laboratory now includes more 
than 150 scientists, engineers and technicians. 


A stellarator will be built by U.S.A.E.C. 
to study thermonuclear reactions with the 
aim of harnessing the fusion reaction for 
peaceful purposes. 


Hilac—a heavy ion linear accelerator 
designed for the study of the elements and 
isotopes in the transuranic region, including 
an attempt to synthesize atoms heavier than 
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element 101, has gone into operation in the 
University of California Radiation 
Laboratory. 


A.E.C. Licences. To Glen L. Martin 
Co. of Baltimore, Maryland, for construction 
of an experimental facility at Middle River, 
Maryland. Initial experiments will relate to 
the Martin Power Reactor (MPR) and to 
systems similar to the U.S. Army Package 
Power Reactor (APPR). To North Carolina 
State College authorizing operation of its 
modified research reactor which was shut 
down in 1955 because of leaks in the core 
tank. To the U.S. Naval Postgraduate 
School for the transfer of a 100mW research 
reactor from Aerojet General Nucleonics of 
San Remon, California. To ACF Industries 
Inc. of New York for the export of a 
research reactor to Italy. 


U.S.A.E.C. has enlarged the programme 
under which privately employed nuclear 
scientists and engineers may _ obtain 
** specialized work experience in Commission 
laboratories and plants.” 


Contract for the design and engineering 
of Case industrial nuclear centre awarded to 
the Austin Co. of Cleveland. 


Dr. Edward Teller, physics professor, 
University of California, has suggested that 
there are two further nuclear particles not 
yet definitely identified. 


Solution-type research reactor for Danish 
Atomic Energy Commission was_ shipped 
from Los Angeles on May 3. The reactor. 
built by Atomics International, has a power 
level of five watts. It will be in operation 
this summer. 
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Industrial Notes 


The Hawker Siddeley Group expansion 
continues. Following the offer to acquire 
the whole of the issued share capital of 
the Brush Group Ltd., briefly reported 
in our May issue, negotiations opened 
for a link-up with the John Brown ship- 
building company—presumably with a 
view to undertaking joint nuclear power 
projects. 

In Canada, a Hawker Siddeley sub- 
sidiary—Canadian Steel Foundries (1956) 
Ltd.—has formed a joint company with 
the English Steel Corporation Ltd., of 
Sheffield. The new company, Canadian 
Steel Wheel Ltd., will manufacture 
wrought steel rail wheels in Montreal. 


The Brush Group Ltd. announce that 
subject to the necessary formalities they 
have completed arrangements for the 
acquisition from Allmanna Svenska Elek- 
triska Aktiebolaget (ASEA), Sweden, of 
the entire share capital of Asea Electric 
Ltd., of Walthamstow, London. 


Davy British Oxygen Ltd.—a new 
company—will make available to the steel 
industry “ oxy-steel”’ processes utilizing 
the steel plant manufacturing resources 
of Davy and United Engineering Co. 
Ltd., Sheffic!d, and the metallurgical tech- 
niques and tonnage oxygen plant manu- 
facturing facilities of British Oxygen 
Engineering Ltd. and British Oxygen 
Linde Ltd. 


Whatlings Ltd. have been awarded a 
contract for building and civil engineer- 
ing work in connection with the proto- 
type land-based naval reactor to be 
erected on a site adjacent to Dounreay. 


Ayling Nuclear Equipment Company 
has been formed by the Ayling Industries 
Group Ltd. The Group recently secured 
a running contract worth £30,000 from 
A.E.R.E., Harwell, for a further year’s 
experimental prototype and assembly 
work. 


Talbot Stead Tube Co. Ltd. are now 
manufacturing fuel elements for Calder 
Hall. They are of the latest design with 
lateral supports which overcome the 
bowing experienced with previous 
elements. 


The Bowater Organization have 
ordered three Ekco auto-standardization 
beta-ray substance gauges from Ekco 
Electronics, Ltd. Two of the gauges are 
being installed on paper machines at the 
Sittingbourne and Kemsley divisions, 
respectively, for use on routine produc- 
tion, while the third has been purchased 
for general investigation work by the 
research division. 


Tube Investments, Ltd., announce the 
formation of a new subsidiary company, 
TI Nuclear Engineering, Ltd., with head 
office at The Adelphi, London, W.C.2. 
TI companies are already supplying fuel 
element cans and sheaths, reactor com- 
ponents—such as neutron starter tubes, 
burst slug detector gear components, con- 
trol rods, control rod_ stand pipes, 
charging and discharging tubes, core 
restraints, absorber rods, fuel element 
supports, reactor tie bars, together with 
associated equipment including steel 
tubes, heat exchanger components, stain- 
less-steel tubing, coils, pressure vessels, 
aluminium components, electrical switch- 
gear, and rolling mills for nuclear metals. 


E.M.I. Electronics, Ltd., of Hayes, 
have secured British manufacturing rights 
for the automatic photo printer and 
exposure control equipment developed by 
Logetronics, Inc., Alexandria, Virginia, 
U.S.A. 


Harland Engineering Co. Ltd. have 
received their first major contract for 
boiler feed pump sets for a nuclear power 
station. Harland’s contract covers six 
high pressure and four low pressure feed 
pumps with motors for Bradwell power 
station. 


C.E.A. has received the consent of the 
Minister of Power to the extension of 
Uskmouth power station, Newport, Mon., 
by the construction of a second station to 
be known as Uskmouth B. The new 
station will have a total installed capacity 
of 360 MW. 


Gresham Transformers Ltd. electronics 
division, which manufactures transformers 
up to 2,000 VA for electronic and tele- 
communication purposes, is now estab- 
lished at Lion Works, Hanworth Trading 
Estate, Feltham, Middx. The new tele- 
phone number is Feltham 6661 (five 
lines). 


Klockner Moeller England Ltd. has 
been formed to market in the U.K. 
electrical control gear manufactured by 
Klockner Moeller, Bonn. The company 
at present has offices at 4 Queen Street, 
Mayfair, London, W.1, and Prince’s 
Buildings, 28 Oxford Street, Manchester. 
The managing director is Mr. H. M. 
Passer. 


Graviner Manufacturing Co., Ltd., of 
Colnbrook, Bucks, and Fenwal Incor- 
porated, of Ashland, Massachusetts, 


U.S.A., have concluded an agreement 
involving broad cross-licensing of patents 
as well as a full interchange of technical 
and manufacturing information. 
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The Plessey Co. Ltd. are to manu- 
facture automatic machine tool control 
components under licence from Farrand 
Control Inc. of New York. 


General Accident Fire and _ Life 
Assurance Corporation has set aside 
£500,000 as a contingency reserve to cover 
“ nuclear-risk ” insurance. 


Q.V.F., Ltd., manufacturers of glass 
chemical plant, have opened new 
premises totalling 60,000 sq ft at Duke 
Street, Fenton, Stoke-on-Trent. 


Metropolitan - Vickers Electrical Co. 
Ltd., announce that the new address of 
their transformer department is Floats 
Road, Wythenshawe, Manchester 23. 


G. and J. Weir Ltd. have received an 
order for main coolant pumps for the 
pressurized water circuit of the land- 
based prototype reactor for H.MLS. 
Dreadnought. The pumps—of the canned 
motor type—are being developed in con- 
junction with The English Electric Co. 
Ltd. 


G. and J. Weir Ltd. have taken over 
Wm. Simons and Co. Ltd. to extend the 
group’s manufacturing capacities for 
heavy plant. 


Unidare Engineering Ltd., who are 
closely associated with the Pye Group, 
are to manufacture high voltage power 
transformers at a new factory in Northern 
Ireland. 


Lincoln Electric Co. Ltd. have moved 
to a new factory at Black Fan Road, 
Welwyn Garden City, Hertfordshire. 


Wharton Crane and Hoist Co., Ltd. 
have moved their London office to 
Lincoln House, 296/302 High Holborn, 
London, W.C.1. The telephone number— 
CHAncery 7911—remains unchanged. 


English Steel Tool Corporation, Ltd., 
of Openshaw, Manchester, have been 
appointed exclusive distributors of Sintox 
cutting tools by the manufacturers of 
Sintox material, Lodge Plugs, Ltd. 


Radiation Counter Laboratories Inc. of 
Illinois has signed a contract to produce 
the first commercial 1024-channel neutron 
time-of-flight analyser for Saclay labora- 
tories of the French Atomic Energy 
Commission. 


Londex, Ltd., of Anerley Works, 207 
Anerley Road, London, S.E.20, have a 
new telephone number—Sydenham 3111 
(five lines). Buying inquiries and pro- 
gressive orders should be directed to the 
main works: Sydenham 6258 (three lines). 


Honeywell-Brown Ltd. have opened a 
new branch office at 5-7 New York Road, 
Leeds 2. 


Semiconductors Ltd. has been formed 
by The Plessey Co. Ltd. and Philco 
Corporation of U.S.A. to manufacture 
transistors and other semiconductors in 
England. 
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Orbits in Industry 


AVING been rather terse in our 
comments regarding the Calder Hall 
visit (“Behind the Boron Curtain,” 
October, 1956) it is only fair to draw 
attention to the other side of the medal 
when referring to the Dounreay visit. 
The medal to which we refer is the one 
that ought to be struck for those in the 
A.E.A. who were responsible for the visit 
which, from most people’s point of view, 
was an unqualified success. In sharp 
contrast to the Calder fiasco, the P.R. 
organization of the A.E.A. provided an 
information binder running to 140 pp 
and laid on a tour that lasted five hours. 
The actual organization, too, is worthy 
of mention. On any visit there is always 
a back-room boy who sees that people 
are in the right place at the right time, 
that transport is available, and that no 
party gets two meals and no tour while 
another goes round the entire site twice 
without food. The quality of the 
organization varies, of course. Tangent 
knows of one visit (not A.E.A.) where the 
unfortunate visitors were actually taken 
to the wrong establishment and, on finally 
arriving at the right one, discovered that 
they were then nearly 50 miles away from 
their lunch. On the Dounreay trip, there 
were all the elements of disaster to hand, 
the scarcity of accommodation requiring 
the party to be scattered over a 30-mile 
radius, so that their collection and distri- 
bution represented no small problem, It 
was, nevertheless, carried out without a 
hitch. The staff work, in short, was 
above reproach. 


Open House 


The Press visit to Dounreay was, of 
course, the fore-runner of an “ open day ” 
for the establishment, when anyone who 
could manage to get there was welcome. 
It was a really first class piece of 
public relations work, if only to allow 
the local inhabitants to see for them- 
selves that this outlandish bunch of 
foreigners that had come amongst them 
were in fact, ordinary men and women. 

These “At Homes” are becoming 
fashionable in large organizations nowa- 
days, the B.B.C. having held open days 
at Droitwich and the Crystal Palace TV 
transmitter late in April. We shall 
probably never know who started the 
idea, but the Willesden Works of the 
B.T.H. must have been amongst the 
pioneers; their open day for the parents 
of apprentices was an established success 
in the early 1930’s. They take a lot of 
time and trouble to organize, and many 
people put in a great deal of extra work, 
but their value in terms of goodwill is 
incalculable, particularly so in the case 
of Dounreay, whose impact on a com- 
paratively remote and sparsely-populated 
district must have been considerable. 


The LE.A. 


The Instruments, Electronics and Auto- 
mation Exhibition (previewed in_ this 
journal’s May issue) was the subject of a 
certain amount of conjecture regarding 
its success. Opinions had been expressed 
that the widening of its popular appeal 
would merely mean an increased attend- 
ance of casual visitors, including school- 
boys who wanted to play with all the 
gadgets that were so widely publicized, 
but who would not be seriously 
interested. 

This opinion was soon dispelled by 
a conversation with the exhibition 
manager of one of the exhibitors—who 
should be in a position to say, if any- 
body can. He gave it as his considered 
opinion that there was not only a con- 
siderable increase in attendance but that, 
at least so far as his own company was 
concerned, they were the “right sort.” 

It is also interesting to reflect that the 
organizing committee has decided that 
from next year, overseas manufacturers 
will be invited to show. Our views on 
international competition were stated in 
these notes for May—it should scarcely 
be necessary to repeat them. Does this 
mean, however, that the present * Inter- 
national” exhibition, i.e., the B and K 
Laboratories’ show, to which we referred, 
will be amalgamated with the LE.A. or 
will it still remain an independent func- 
tion coinciding with the Physical Society's 
exhibition? ‘ 


Dropping the “ Drop ” 

Harking back, for a moment to the 
“International,” one of the most 
interesting exhibits from an engineering 
point of view was a Danish one, the 
Disa ‘“Armascope,” for testing small 
motor armatures. Slipping the shaft into 
a spring chuck and giving it a spin, an 
oscilloscope trace instantly showed, not 
only the presence of a shorted, open- 
circuited, or reversed coil, but its angular 
position, so that a faulty coil could be 
identified in a matter of seconds, instead 
of having to go through the weary chore 
of the old “drop test” between com- 
mutator segments. An even more valuable 
development, of course, would be a 
portable unit that could be applied to 
large machines without removing the 
armature. The difficulties are obvious, 
but the result would be well worth while. 


The “S.M.” Spans the Years 


Nuclear generation of electricity is well 
in evidence in the new Electric Power 
Collection at the Science Museum, which 
was opened by Lord Hailsham on 
May 20. The Science Museum was one 
of the first to realize, quite a long time 
ago, that museums could be something 
more than rows of glass cases crammed 
with dreary-looking pieces of apparatus 
covered with lengthy descriptions in 


small print; their juvenile section and the 
portion of a coal mine show imagina- 
tion and showmanship of a high order. 
In the new gallery, however, they have 
excelled themselves in the successful 
achievements of a very difficult task— 
telling the history of electric power with 
a comparatively small number of exhibits 
—and there must have been some con- 
siderable heart-searching to decide what 
to put in and what to leave out. Com- 
mencing with Faraday’s first generator, 
the collection includes such landmarks as 
the original Trafalgar Square switchgear 
and a model of Deptford, and illustrates 
all aspects such as control, rectification, 
transformation, measurement, etc., with 
cases of apparatus containing examples of 
the very earliest and the very latest 
designs. 

Nuclear generation is_ typified by 
models of Bradwell and Berkeley power 
stations, a “ how it works” drawing of 
Calder Hall, and simplified illustrations 
showing the operating principles of 
advanced types of reactor. 


Calling F for Freddie 


A side-issue of the Dounreay trip was 
the inspiration of two of our brighter 
national newspapers in christening the 
reactor FRED (Fast REactor Dounreay, 
one presumes). Well . why not? 
There is a lot to be said for a name, as 
opposed to a number or a vague descrip- 
tion, as summed up by Shakespeare in 
A Midsummer Night's Dream: 

. +. the forms of things unknown, 
the poet’s pen 

Turns them to shapes, and gives 
to airy nothing 

A local habitation and a name. 

Ships, of course, present the most con- 
vincing case for names. Which gives the 
more real picture, Queen Mary or “ Job 
534”, her original name? And should 
we remember so vividly the Great Harry, 
the Ark Royal or the Mayflower if they 
had been called XN6095 or ML4536, 

Even ship names, of course, require 
careful selection. There is a certain 
glamour about Arcady, Heroine or Arctic 
Hunter, even if one knows that, in reality, 
they all smell of fish; none at all about 
the most beautiful yacht in the world if 
she is called the Cyrus Q. Hackensacker 
Jr. Reactors will need the same care. 
FRED lacks the classical stateliness of 
DIDO or ZEUS, and objection may be 
taken to its plebeian associations. For 
that matter, BEPO always reminds us of 
organ-grinder’s monkeys, and GLEEP of 
indigestion. Better for Dounreay to have 
a name than for the newspapers to 
continue calling it the “dust- 
bin reactor.” And, after all, 
FRED is a much happier 
choice than JACK. He, you 
will remember, was the one 
who was never doing very 
nicely. 
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Processes and Equipment 


Electronic Digital Computer 


A general-purpose digital computer 
has been developed by Metropolitan- 
Vickers Electrical Co., Ltd. The new 
computer, which is known as_ the 
“ Metrovick 950,” consists of five main 
parts—input unit, store, arithmetical cir- 
cuits, output section, and control panel. 

Information is fed into the machine by 
means of a photo-electric punched paper- 
tape reader, the paper tape having a five- 
hole code: the instructions and data are 
stored in a drum coated with a magnetic 
oxide, on which information is recorded 
in the form of magnetized spots on cir- 
cumferential tracks. The arithmetical 
circuits performing the calculations con- 
sist mainly of transistors. The output 
unit punches holes in paper tape under 
the control of the computer, and this 
information can subsequently be read or 
printed out on a teleprinter. The opera- 
tor or programmer co-ordinates the 
whole machine, using the control panel, 
in such a way that instructions are 
obeyed correctly and in the right order. 

(Metropolitan-Vickers Electrical Co.. 
Ltd., Trafford Park, Manchester, 17.) 


Transistorized Crystal Oscillator 


A packaged oscillator providing two 
outputs, one sine and one square, at a 
frequency of 10 kc/s has been produced 
by Venner Electronics Ltd., Kingston 
By-pass, New Malden, Surrey. An XY 
flexure quartz crystal is used for control, 
a pre-set condenser initially setting the 
oscillator to frequency. 


The unit may be used with two types 
of crystal, one having a zero temperature 
coefficient between 15°C and 20°C, so 
that maximum accuracy is obtained at 
room temperature, and the other a zero 
temperature coefficient between 40°C 
and 50°C. The stability of the oscillator 
at or about the point where the zero 
temperature coefficient occurs is of the 
order of three parts in 10°. 


A 10-V supply is standard, but the 
unit will operate on 4 to 12 V. The out- 
put voltage on square is about 7.5 peak- 
to-peak with a 10-V supply and approxi- 
mately 5.6 V peak-to-peak on sine. A 
low-impedance output is provided for 
the square wave via an emitter, and 
provision is made for gating. 

The circuit is encapsulated in synthetic 
resin with the exception of the crystal. 


(Above) Transistor- 
ized crystal oscilla- 
tor providing two 
outputs (Venner 
Electronics Ltd.). 


(Left) «*Metrovick 
950”’ general pur- 
pose electronic 
digital computer 
(Metropolitan- 
Vickers Electrical 
Co., Ltd.). 


(Right) Globar-type 

assay furnace for 

temperatures of up 

to 1,350°C (Royce 

Electric Furnaces, 
Ltd.). 


Hydrogen Content in Aluminium Melts 


One of the main problems in the pro- 
duction of aluminium castings is the 
presence of hydrogen and it is essential 
that the gas be detected and measured 
to preserve the quality of the final melt. 
In conjunction with the British Alumi- 
nium Co. Ltd., Edwards High Vacuum 
Ltd.. Manor Royal, Crawley, Sussex, 
have developed a _ hydrogen-content 
tester. This instrument, known as the 
Telegas, allows the hydrogen content to 
be quickly and accurately measured by 
one man on the foundry floor. It is com- 
pact and portable, and may be held in 
one hand while a direct reading is 
obtained by simply dipping the probe 
in the melt and turning the wheel of a 
cam-operated diaphragm pump which 
circulates nitrogen gas through the 


circuit. This gas picks up the hydrogen 
via the probe and circulates it through 
a hot-wire katharometer which has a 
response time of 15 sec. The measuring 
platinum-wire coil is in the gas circuit 
and the other coil is open to atmosphere. 
The gas cools the filament and gives an 
out-of-balance reading on a_ Suitable 
millivoltmeter. 

The carrying box of the instrument 
incorporates a small nitrogen - gas 
cylinder and a 2-V accumulator for heat- 
ing the coils. The double-bore probe is 
made of sintered aluminium which is 
highly resistant to molten aluminium. A 
small hood on the probe collects the gas 
bubbles; ceramic inserts prevent the 
accidental ingress of metal. 


New Assay Furnace 


A novel Globar-type assay furnace 
designed by Royce Electric Furnaces, 
Ltd., has many applications, not only in 
the mining and metallurgical industries 
but also wherever a self-contained source 
of high-temperature treatment is required. 

The furnace is designed for fusing and 
cupellation. The silicon carbide rod 
resistor heating elements are suitable for 
service temperatures of up to 1,350°C 
and they ensure a long operational life 
for assaying gold at 1,050°C or copper 
at 1,150°C. A transformer with voltage 
adjustment taps is provided to control 
the electrical input for temperature con- 
trol and resistance regulation. Electrical 
ratings for a range of standard sizes are 
alternatively 9, 12 or 15 kW. 

(Royce Electric Furnaces, Ltd., Sir 
Richard’s Bridge, Walton-on-Thames. 
Surrey.) 
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Spray gun, model L510, for unstable materials 

such as latex emulsions (Alfred Bullows 

and Sons, Ltd., Long Street, Walsall, 
Staffs.). 


LD.L. GammaSwitch 

An inexpensive device for level control, 
density and liquid interface detection, or 
flow-failure detection, has been developed 
by Isotope Developments Ltd. The unit, 
known as the GammaSwitch, consists of 
a halogen-quenched Geiger-Muller tube 
in circuit with a simple relay. The relay 
operates when a predetermined intensity 
of gamma radiation is exceeded. 

An example of a suitable application 
of the GammaSwitch is the control of 
high and low level of material in a 
hopper. The switch is mounted at the 
appropriate level outside the hopper, and 
a gamma-ray source (suitably enclosed) 
is mounted on the opposite side. If the 
relay is set to trip when the radiation 
penetrating the hopper changes by the 
amount absorbed by the material in the 
hopper, a warning light or buzzer can 
be arranged to operate whenever the 
material passes a predetermined level. 
Alternatively, the switch can be connected 
to the device controlling the supply of 
material to the hopper thus obtaining 
in effect automatic control. 

(Isotope Developments Ltd., Beenham 
Grange, | Aldermaston Wharf, — nr. 
Reading, Berks.) 
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The |.D.L. GammaSwitch for level control 
incorporating printed circuitry (Isotope 
Beenham_ Grange, 
Aldermaston Wharf, Reading, Berks.). 


Developments, Ltd., 


Megator Relief Valves 

A range of new relief valves, designed 
specifically for handling liquids, is being 
introduced by Megator Pumps and Com- 
pressors, Ltd. The valves, which are 
made of high-quality bronze to BSS 
1400-LG3, were originally developed for 
use with Megator pumps. 

A particular feature is the introduction 
of a skirt to the clack, which makes the 
valve more positive and stable in opera- 
tion. As soon as the valve begins to 
open the skirt presents a greater area to 
take the pressure, so providing an 
increasing force to overcome _ the 
increasing resistance of the spring as the 
valve lifts. There is, therefore, a smaller 
differential between the opening pressure, 
the pressure at which the valve will con- 
tinuously discharge full capacity and the 
reseating pressure. 

Among other unusual features of the 
valve are an arrangement to render more 
difficult any unauthorized interference 
with the setting, and the ease with which 
the spring and valve disc can _ be 
dismantled for inspection or replacement. 

(Megator Pumps and Compressors, 
Ltd., 43 Berkeley Square, London, W.1.) 


New relief valve for 

liquids (Megator 

Pumps and Compres- 
sors, Ltd.). 


Briefly ... 


Bulkhead microphone’ control unit 
designed for factories or machine rooms 
with a high noise level is being marketed 
by Communication Systems, Ltd., Strowger 
House, 8 Arundel Street, London, W.C.2. 


New Range of squirrel-cage motors, of 
from 1/10 to 1/4 h.p. is available from 
Hoover (Electric Motors), Ltd., Cambus- 
lang, Lanarkshire. 


Chromium-deposition plant, capable of 
putting a heavy deposit on components of 
up to 15 ft. long, 5 ft. diameter and weigh- 
ing up to 6 tons, is now in operation at the 
Port Glasgow works of Fescol, Ltd., North 
Road, London, N.7. 


Rocol R.T.D. compound is_ especially 
suitable as a lubricant for machining opera- 
tions where extreme pressures bear on the 
tool. Rocol, Ltd., Rocol House, Swilling- 
ton, near Leeds. 


Electrothermal flexible and elastic heating 
tapes offer a convenient method of heating 
pipes, vessels or valves. Electrothermal 
Engineering, Ltd., 270 Neville Road, Lon- 
don, E.7. 

Flat steel pallets 


which, utilizing 


V-sections, have a high strength to weight 
ratio, can be obtained from Fisher and 
Ludlow, Ltd., Material Handling Division, 
Bordesley, Birmingham, 12. 


A heavy-duty four-wheel 
for transporting up 


industrial 


Poole, Dorset). 


low-loading trailer 
to 6 tons of steel plates (Wessex 
Industries (Poole), Ltd., Dolphin Works, West Street, 


Flowforge—etectrically forge-welded flooring—has a high 
strength-to-weight ratio. 
but circular panels can be easily fabricated. 

Ludlow, Ltd., Bordesley Works, Birmingham, 12). 


Stock panels are 20 ft by 3 ft; 
(Fisher and 
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Patents Reviewed 


These abstracts have been made from British Patent Specifications, complete copies of which can be 
obtained from the Patent Office, 25 Southampton Street, London, W.C.2, at 3s. 6d. each (including postage). 


B.P. 768,078. Fuel rod assemblies for nuclear 
reactors. To: Atomic Energy of Canada 
Ltd. (Canada). 


In heavy-water-cooled nuclear reactors, 
cylindrical uranium rods are normally used 
encased in a tightly adherent sheath of 
aluminium. An outer tube spaced from the 
sheath serves for the passage of the coolant 
under pressure. The cylindrical form of the 
fuel rod was chosen in order to maintain 
tight contact between rod and sheath regard- 
less of the expected deformation under 
irradiation to assure effective heat transfer. 
This arrangement, however, results in having 
the minimum cooling surface per unit of 
volume of fuel, and the neutron flux obtain- 
able is limited by the maximum temperature 
which the fuel in the rods may be allowed 
to reach. A great increase in cooling surface 
can be obtained and consequently a corres- 
ponding higher neutron’ flux without 
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Fig. 2 of B.P. 768,078. 


increasing difficulties arising out of deforma- 
tion or local overheating by an arrangement 
comprised of flat thin strips of varying 
widths, reinforced by ribs or otherwise 
against bending, placed parallel and spaced 
from each other in a tube as shown in 
Fig. (2). The sheaths of strips 11 and 15 
are formed with fins 23 across the passage- 
ways for the coolant while sheathed strips 
12 and 14 with ribs 24 restrain also centre 
strip 13 against bending. The fuel (uranium 
or other) is tightly enclosed in the pliable 
sheaths of aluminium of a_ thickness of 
0.04 in. for strips of 0.15 to 0.18 in. 
thickness. 


B.P. 768,124. Method and apparatus for 
obtaining ductile titanium or zirconium. 
K. M. Hill. To: Peter Spence and 
Sons, Ltd. 


Halide reduction is normally carried out 
in two separate stages. In the second stage 
the contaminating halide and unreacting 
reducing metal are removed by leaching with 
liquid ammonia or acid or by distilling in 
vacuo. In both methods contamination risks 
are present affecting the purity and hardness 
of the titanium or zirconium. The new 
apparatus enables the reaction and subsequent 
distillation to be carried out as a single 
operation allowing unobstructed path distilla- 
tion to take place from the evaporating 
surface to the condensing surface. It is built 
up, in general, of a reaction vessel, an inverted 
condensing vessel mounted on the reaction 
vessel, with temperature control and 


evacuating means and with inverting means 
for the reaction and condensing vessels so as 
to enable interchange of their relative 
positions, 


B.P. 768,554. Treatment of polytetrafluor- 
ethylene. A. Charlesby. To: U.K. 
Atomic Energy Athority. 

Polytetrafluorethylene is subjected to 

irradiation with ionizing radiations (in a 
thermal nuclear reactor) equivalent to from 
two to 13 units (15x10° roentgen). The 
substance (sheet, rod, granules or powder) 
may then be moulded at 200° C or less, 
dependent on the radiation dose. 


B.P. 768,946. Recovery of uranium values. 
R. E. Stedman. To: I.C.I. Ltd. 


Refers to the recovery of uranium values 
from reaction mixtures obtained by opening 
up rock phosphate with a reactant com- 
prising a mineral acid (sulphuric acid; 
hydrochloric acid; nitric acid) in which the 
acid radicals are at least stoichiometrically 
equivalent to the phosphate and other con- 
stituents decomposable by the reactant. The 
reaction mixture neutralized and 
undissolved material separated. From the 
liquid a phosphate containing uranium salt 
is precipitated in the presence of a filter aid 
(kieselguhr silica; fuller’s earth; diato- 
maceous earth), the solid mixture is 
separated from the liquid and the mixture 
then treated with a mineral acid (nitric acid) 
to dissolve the precipitated uranium salt 
from the filter aid. The solution produced is 
separated and treated for the precipitation 
of uranium values in concentrated form. 


B.P. 769,291. Ton generating apparatus. 
P. P. Starling. To: U.K. Atomic Energy 
Authority. 


Refers to an apparatus (calutron) for 
separating isotopes. An ion source unit for 
such apparatus usually comprises an arc 
block with one or more arc chambers, in 
which the ions are generated by bombard- 
ment of the vapour of a substance with 
electrons emitted from a heated filament. The 
arc block operates at a high temperature and 
tends to become contaminated. Where the 
substance under treatment is valuable recovery 
may be necessary. An arc block formed 
largely or wholly of carbon (graphite) will 
undergo a minimum of dimensional changes, 
will be readily assembled on and removed 
from the unit and will allow ready recovery 
of contaminated substances. The block has 
at least one recess constituting an arc 
chamber with an orifice for the admission of 
electrons and it has an aperture for admis- 
sion of the substance to be ionized. 


B.P. 769,121. Process of treating radioactive 
liquids so as to reduce their radio- 
activity. J. Bouchard. To: L’Auxiliaire- 
des Chemins de Fer et de 1I’Industrie. 


Rivers or entire stretches of water may 
become contaminated and dangerous due to 
the presence of naturally radioactive ions, 
or ions which have become radioactive by 
induction. Purification is only possible by 
extracting these ions. For this purpose ion 
exchangers have been used to which the 
contaminating ions could be fixed. These 
ion exchangers are characterized by high 
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porosity and a large contact area. However, 
it has been found that the reduction in 
radioactivity is sometimes _ insufficient. 
Difficulties are avoided by associating with 
or substituting for the usual ion exchangers, 
ions selected first as a function with the 
nature of the radioactive ions to be 
eliminated (mostly heavy metal ions), so as 
to shift the exchange equilibrium in the 
direction of the maximum fixation of these 
radioactive ions and, secondly, so that the 
exchange ions are not prone to pass out in 
solution in the effluent liquid. The ions of 
non-radioactive heavy metals are those 
having an atomic weight in excess of 100 as, 
e.g., lead, barium, mercury, cadmium, 
silver, bismuth. The exchange may be 
carried out in two exchangers in series. The 
first contains the heavy metal ions, the 
second the usual ions. 


B.P. 769,450. Mass analyses of ions. J. A. 
Hipple (U.S.A.). 

Heavy magnets used in_ conventional 
equipment are eliminated by an arrangement 
in which a series of impulses are applied to 
the periodically ionized mixture imparting to 
the ions energies proportional to their mass- 
to-charge ratios. A collecting electrode is 
maintained at a certain potential so that it 
repels all ions of energies less than that of 
those selected. 


B.P. 769,704. Electrical pulse scaling circuit. 
E. H. Cooke-Yarborough. To: U.K. 
Atomic Energy Authority. 

A scaling circuit with a common turn-off 
plate and a more economical number of 
elements than hitherto required. The elements 
have two characteristic stable states (con- 
ducting and non-conducting) and are arranged 
in a ring. Each element on changing from 
a first state to a second state causes the next 
element to change from the second state to 
the first state, and one element changes also 
the state of a further element. Pulses may 
be applied simultaneously to all elements and 
they may be reset to a starting condition at 
the end of each cycle. If four elements are 
used a scale up to 12 can be provided. 
Preferred in a scale of 10 for decimal 
counting. 


B.P. 770,017. Computing apparatus. To: 
Schlumberger Well Surveying Corp. 
(U.S.A.). 

An automatic computer capable of accom- 
modating transposed functions. Successive 
values of an independent variable are plotted 
in terms of two co-ordinate values of another 
independent variable and a _ dependent 
variable. Instantaneous values of _ the 
dependent variable are rapidly determined as 
the values of the independent variables vary. 


B.P. 770,252. Nuclear reactor. To: Metall- 
gesellschaft A.G. Deutsche Gold- und 
Silber-Scheideanstalt vorm. Roessler 
(Germany). 

The thermal properties of lithium (high 
specific heat, high thermal conductivity, low 
density and low viscosity) are especially 
favourable for its use as a liquid heat transfer 
medium in processes involving the formation 
of free neutrons, particularly those of thermal 
velocity. It has been observed that the opera- 
tion of a nuclear reactor is improved 
progressively with an increase of the content 
of lithium-6 isotope in the lithium used as a 
liquid heat transfer medium. ‘Therefore, as 
natural lithium consists only of the two 
isotopes lithium-6 and lithium-7, it should 
have the smallest possible content of lithium 
6.(of the order of 0.03% by weight). 
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